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Introduction 


In  December  1981  Congress  directed  the  Federal  Highway  Administration  to 
begin  a Rural  Technical  Assistance  Program  (RTAP),  that  will  provide  technical 
assistance  to  "...meet  the  growing  demands  placed  on  rural  roads  resulting 
from  increased  urban  sprawl  and  the  increased  size  and  weight  of  trucks 
carrying  goods  from  farm  to  market."  As  part  of  the  RTAP  effort  the  Federal 
Highway  Administration  (FHWA)  initiated  a project  entitled  "Road  Surface 
Management  for  Local  Governments."  This  project  involves  assembling  a 
synopsis  of  road  surface  management  practices  among  local  governments,  the 
development  of  training  materials,  and  the  conduct  of  a training  course  on  the 
same  subject. 

Road  surface  management  is  defined  as  the  application  of  pavement 
management  principles  to  the  needs  of  local  governments,  including  the 
management  of  light-type  pavements  and  unpaved  surfaces.  Any  governmental 
agency  that  has  road  and  street  responsibilities  has  road  surface  management 
procedures.  Some  may  be  well  thought  out  programs  based  upon  current 
technology  and  some  may  be  very  informal,  based  upon  the  judgment  and 
experience  of  long-term  employees.  The  purpose  of  this  report  is  to  identify 
areas  where  current  road  surface  management  practices  might  be  improved,  with 
the  emphasis  upon  building  upon  the  better  features  of  current  practices 
rather  than  advocating  the  implementation  of  dramatically  different  and 
sophisticated  systems. 
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within  the  last  five  years  the  concept  of  pavement  management  has  become 
Increasingly  Important  in  the  highway  community.  A comprehensive  pavement  (or 
"surface"  as  applied  in  local  governments)  program  consists  of  a coordinated 
set  of  activities.  All  are  directed  toward  achieving  the  best  value  possible 
for  the  available  public  funds  in  providing  and  operating  smooth,  safe,  and 
economical  road  surfaces. 

Once  an  agency  has  made  the  commitment  to  begin  managing  its  pavements  on 
a systematic  basis,  the  first  step  should  be  an  assessment  of  how  things  are 
presently  managed.  There  are  some  rather  straightforward  steps  that  can  be 
undertaken  to  improve  the  management  process.  These  are: 

• Obtain  an  inventory. 

• Assess  conditions. 

• Establish  a recurring  assessment  program. 

• Establish  strategies  and  priorities. 

• Plan  improvements. 

Although  these  initial  steps  will  probably  represent  significant 
improvements,  managers  will  soon  identify  needed  refinements.  For  instance, 
after  experience  is  gained  with  a visual  condition  rating  method,  a need  for 
mechanically  measured  condition  assessments  may  become  obvious.  In  that  case, 
roughness  data  might  be  gathered  using  a device  such  as  a Mays  Ridemeter, 
which  can  be  a valuable  supplement  to  visual  ratings.  Similarly,  significant 
savings  can  be  realized  on  large  overlay  projects  if  the  thickness  design  is 
based  on  nondestructive  structural  deflection  testing. 

Another  improvement  that  might  be  made  would  be  to  expand  general 
guidelines  for  strategy  selection  and  cost  estimating.  Strategy  selection  is 
best  made  by  life  cycle  costing  of  several  alternatives  taking  into  account 
immediate  and  long-term  costs  for  both  maintenance  and  future  rehabilitation. 
Estimating  costs  can  be  refined  by  analyzing  an  agency's  own  experience  both 
for  in-house  maintenance  and  for  contract  work.  Finally,  when  programming 
budgeting  improvements  there  are  many  sophisticated  techniques  available  to 
insure  that  an  overall  investment  strategy  is  the  most  cost  effective. 
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Obviously,  then,  there  are  many  ways  to  improve  upon  and  refine 
management  techniques.  Although  it  is  not  necessary  for  a basic  surface 
management  program,  most  managers  will  find  that  the  techniques  available  to 
perform  more  sophisticated  analyses  will  require  the  aid  of  a computer. 

Improvements  in  road  surface  management  practices  frequently  include  new 
technology  and  some  expenditures,  at  the  same  time  that  pressures  exist  to 
control  or  even  reduce  levels  of  expenditures.  There  are  many  creative  ways 
to  bring  about  improvements  without  adversely  impacting  services.  One  of  the 
best  ways  is  to  take  better  advantage  of  the  savings  that  can  be  realized 
through  buying  materials,  contracting,  and  performing  work  in  large 
quantities.  This  is  known  as  "economy  of  scale."  Since  most  local 
governments  are  limited  in  size,  they  cannot  realize  effective  economy  of 
scale  by  themselves.  There  are  techniques  available,  however,  to  take 
advantage  of  economy  of  scale.  Creative  management  in  this  area  is  the  key  to 
maintaining  services  with  limited  resources.  Although  independence  is  highly 
valued  by  local  boards,  the  financial  facts  of  life  would  seem  to  dictate 
cooperation  and  compromise.  Some  of  these  techniques  are: 

• "Piggyback"  purchasing 

• Joint  purchasing 

• Surplus  purchasing 

• Equipment  sharing 

• Cooperative  work  agreements 

There  are  also  many  opportunities  to  lower  the  costs  of  surface 
management  systems  if  approached  from  a cooperative  basis.  Technology 
transfer  is  one  of  the  least  expensive  and  potentially  most  beneficial 
examples  of  intergovernmental  cooperation. 

One  of  the  initial  tasks  in  the  road  surface  management  project  was  to 
select  and  visit  six  local  governments  to  document  good  examples  of  road 
surface  management  practices  and  intergovernmental  cooperation.  In  selecting 
the  locations  for  the  case  studies  a variety  of  governmental  types,  geographic 
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locations,  environments,  and  management  approaches  was  sought.  It  should  be 
pointed  out  that  none  of  the  case  studies  represents  the  "ideal"  surface 
management  example,  but  each  case  does  contain  "pieces  of  the  puzzle."  These 
case  studies  are  offered  in  the  hope  that  some  of  the  practices  discussed  will 
serve  as  examples  for  other  local  governments  to  use  in  improving  their  own 
surface  management  practices. 

The  following  summaries  describe  the  more  noteworthy  aspects  of  practices 
found  in  each  locality. 

Thurston  County  - Washington 

Thurston  County  is  engaged  with  Washington  State  Department  of 
Transportation  in  a cooperative  project  to  adopt  the  state  Pavement  Management 
System  (PMS)  to  local  agency  needs  and  implement  the  system.  Thurston  County 
is  in  the  process  of  establishing  management  procedures  that  very  effectively 
assess  the  condition  of  road  surfaces,  identify  the  most  appropriate 
strategies,  establish  priorities,  and  budget  maintenance  and  repair  activities. 

Sparks.  Nevada 

The  City  of  Sparks  represents  typical  smaller  municipalities.  Sparks  is 
in  the  process  of  implementing  the  PAVER  pavement  management  system,  under  the 
sponsorship  of  the  American  Public  Works  Association  (APWA). 

Barstow.  California 

Region  9 of  the  Federal  Highway  Administration  has  converted  the 
California  PMS  to  operate  on  a microcomputer.  Barstow,  California  is  one  of 
six  governments  in  Southern  California  that  are  field  testing  the  use  of  this 
system. 

Douglas  County.  Kansas 

Douglas  County  does  not  have  a formal  surface  management  system  but  it  is 
a good  example  of  many  excellent  pavement  management  practices.  These  include 
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close  adherence  to  sound  engineering  practices  in  design,  drainage,  and 
quality  control.  Douglas  County  has  taken  several  steps  toward  a formal 
pavement  management  system. 

Clark  County.  Illinois 

Conditions  in  Clark  County  are  typical  of  many  rural  counties.  Like 
Douglas  County,  Clark  County  does  not  have  a formal  surface  management  system 
but  does  utilize  many  noteworthy  management  practices.  Condition  evaluations 
are  conducted  in  the  spring,  under  the  worst  conditions.  The  County  pays 
particular  attention  to  structural  adequacy,  including  structural  evaluations 
and  the  use  of  structural  design  for  overlay  thickness.  Clark  County  utilizes 
many  innovative  cost-effective  purchasing  practices  for  equipment  and  material. 

Jamestown.  New  York 

THe  city  of  Jamestown  has  an  aging  street  system,  severe  weather 
conditions, and  limited  funds.  In  addition,  Jamestown  must  deal  with  many 
brick  pavements.  Jamestown  is  an  example  of  the  consequences  of  deferred 
action  performing  only  about  25  percent  of  the  work  annually  that  the  City 
Engineer  estimates  as  required.  Although  Jamestown  does  not  have  a formal 
management  system,  the  City  does  perform  a wide  variety  of  rehabilitation 
treatments.  These  include  surface  treatments,  structural  overlays,  milling, 
and  recycling  the  milled  material  for  patching  and  base  reconstruction. 

The  following  chapters  describe  each  of  the  case  studies  in  detail.  Each 
chapter  closes  with  conclusions  about  the  strong  and  weak  points  of  the 
management  practices  found  in  the  case  study.  These  conclusions  are  the 
opinion  of  the  author. 
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Thurston  County,  Washington 


Thurston  County,  Washington,  population  133,500,  is  located  at  the 
southern  end  of  Puget  Sound.  Olympia  is  the  county  seat  of  Thurston  County. 

The  Thurston  County  Department  of  Public  Works  is  divided  into  six  main 
divisions:  engineering,  equipment  maintenance,  administration,  road 
maintenance,  buildings  and  facilities  maintenance.  The  department  has  four 
registered  professional  engineers  (including  the  director),  one  non-registered 
traffic  engineer,  and  one  registered  land  surveyor. 

The  director  reports  to  a three-member  board  of  county  commissioners  and 
the  chief  administrative  officer.  The  Thurston  County  Public  Works  Department 
operates  on  a unit  basis.  That  is,  the  department  is  responsible  for  the 
county's  road  system  as  a unit  (except  for  roads  maintained  by  incorporated 
municipalities  and  the  state).  Thurston  County  has  been  able  to  dramatically 
reduce  its  manpower  and  equipment  needs  since  adopting  the  unit  system.  For 
example,  the  number  of  motor  graders  dropped  from  16  to  6. 

Prior  to  adopting  the  unit  system,  specific  equipment  operators  were 
assigned  the  responsibility  of  maintaining  specific  roads.  Operators  and 
equipment  are  now  assigned  on  an  as  needed  basis.  The  county  road 
superintendent  has  found  it  necessary  to  establish  22  maintenance  areas  to 
help  insure  that  work  efforts  are  equitably  distributed  throughout  the  county. 
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Thurston  County  maintains  982  miles  (centerline)  of  roadway.  The  county 
is  currently  using  its  own  system  of  functional  classification  but  realizes  it 
may  have  to  change  to  conform  to  other  counties  and  municipalities  when  other 
local  governments  in  the  state  begin  to  implement  pavement  management 
systems.  The  current  classifications  and  mileage  are: 


Arterial 

Collector 

Local  (non-subdivision) 
Subdivision 


- 210  miles 

- 193  miles 

- 383  miles 

- 196  miles 
982  miles 


The  majority  of  county  roads  are  bituminous  surface  treated  (BST).  Road 
mileage  by  surface  type  is  as  follows: 


Asphalt 

- 172 

miles 

BST 

- 674 

miles 

Gravel 

- 116 

miles 

P.C.C. 

- 20 

miles 

982 

miles 

Figure  1 illustrates  the  1982  distribution  of  the  road  property  tax 
revenues  in  Thurston  County. 

Surface  Management  System  - Thurston  County  initiated  a project  using 
state  DOT  research  funds  to  investigate  the  feasibility  of  adopting  the 
state's  pavement  management  system  for  use  by  local  governments.  The  project 
determined  that  the  system  can  be  adapted  and  Thurston  County  is  currently 
implementing  the  system.  Thurston  County  hired  two  retired  state  DOT 
engineers  on  personal  service  contracts  to  assist  in  implementation.  One  of 
these  individuals  trained  and  supervised  the  condition  assessment  while  the 
other  individual  evaluated  the  data. 

Road  Inventory  - The  system  is  based  upon  a visual  condition  survey  that 
collects  distress  information  on  flexible  pavements.  The  procedure  assigns 
maintenance  and  repair  strategies  to  the  measured  distress  type  and  severity. 
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FIGURE  1 - ROAD  PROPERTY  TAX  EXPENDITURES  - 1982 
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Base  repair  costs  have  been  established  for  each  possible  strategy.  The 
procedure  establishes  priorities  based  upon  the  condition  rating,  with  the 
worst  sections  having  highest  priorities,  the  costs  estimated  using  the  base 
repair  costs,  and  length  and  width  of  the  section  in  question.  The  system 
identifies  current  needs  based  upon  existing  distress,  prioritizes  those 
needs,  and  estimates  costs.  Currently  the  pavement  management  system  is 
operated  manually.  The  county,  however,  hopes  to  begin  using  a computer. 

The  roadway  network  had  been  inventoried  prior  to  the  decision  to 
implement  a PMS.  The  inventory  collects: 

• pavement  data  including:  width,  length,  surface  type,  right  of  way, 
starting  and  ending  milepost,  year  built  and  year  maintained. 

• shoulder  data  including:  location,  length,  width  and  surface  type. 

• culverts  data  including:  location,  type  (material),  diameter  and 
length. 

• catch  basins  including:  location, type,  depth,  diameter,  and 
construction  date. 

• street  lights  including:  location,  type,  construction  date,  lumens  and 
watts. 

• bridges  including:  location,  type,  construction  date,  last  inspection 
date 

• sign  and  striping  inventory:  location,  type,  installation  date, 
maintenance  history 

The  inventory  is  on  a computerized  base.  Figure  2 is  a sample  road 
surface  master  listing  from  Thurston  County. 

Condition  Assessments  - Thurston  County  currently  conducts  only  visual 
condition  assessments.  They  use  the  state's  visual  condition  assessment 
system  and  recording  forms.  These  forms  will  be  modified  to  collect  the 
distress  types  most  helpful  to  the  management  of  the  county's  roads. 
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FIGURE  2 - SAMPLE  ROAD  SURFACE  INVENTORY 
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Condition  assessments  are  currently  planned  for  a two  year  cycle.  All 
BST  and  asphalt  roads  will  be  evaluated  every  two  years.  Gravel  and  Portland 
cement  streets  are  not  formally  evaluated.  Thurston  County  will  probably 
modify  this  to  an  annual  cycle  since  the  condition  assessment  is  relatively 
inexpensive  (approximately  $15,000  for  860  centerline  miles).  Conditions  may 
also  change  significantly  following  winters  with  freezing  conditions. 

Thurston  County  used  summer  employees  (engineering  students)  for  the  first 
assessment  but  may  switch  to  full  time  maintenance  personnel.  Structural 
evaluation  using  nondestructive  testing  devices  is  planned. 

The  Washington  State  pavement  condition  rating  form  is  used  for  the 
visual  survey,  as  shown  in  Figure  3.  Figure  4 shows  a typical  completed  form. 

Strategy  Selection  - The  results  of  the  condition  assessment  are  analyzed 
to  develop  maintenance  strategies.  Surface  repair  strategies  were  based  on 
the  severity  and  extent  of  three  types  of  distress.  Each  section  is  analyzed 
first  in  terms  of  the  alligator  cracking  rating,  second  for  longitudinal 
cracking  and  third  for  transverse  cracks.  The  most  complete  surface  repair 
indicated  is  then  selected.  Life  cycle  cost  analysis  is  not  used.  Strategies 
considered  are  seals,  crack  pouring,  pre-level  (or  overlay),  patching,  and 
combinations. 

Priority  Assignment  - Priority  assignments  are  based  on  functional 
classification  and  pavement  rating  score.  In  the  county's  rating  system,  "0" 
equals  the  worst  possible  or  failed  condition  and  "100"  a new  pavement.  The 
score  is  calculated  by  deducting  the  deficiency  rating  from  100. 

The  following  priority  categories  were  established. 

Score  by  Priority  Category 


I 

II 

III 

IV 

Arterial 

0-50 

51-70 

71-75 

76-80 

Collector 

0-40 

41-65 

66-70 

71-75 

Local 

0-40 

41-60 

61-65 

66-70 

Subdivision 

0-40 

41-60 

61-65 

66-70 
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FIGURE  3 - PAVEMENT  CONDITION  RATING  FORM 


^ PAVEMENT  CONDITION  RATING 

W A 

OATt 

RATER  SmEcT 

OF 

^ 

CONTROL  DATA 

u 

s 

'< 

UJ 

Ok 

c 

►- 

z 

LU 

5 

UJ 

> 

< 

a. 

* PAVEMENT  EXEMPTION 

1 MULTI-LANE  (D.(R).(B) 

BITUMINOUS  PAVEMENTS 

roadmeter 

COUNTS 

PER 

mile 

1 

STREET  NO 

SURFACE 

NO 

FUNCT.  CLASS 

ENDING 

CONTROL 

SECTION 

milepost 

FOR 

rated 

SECTION 

IRUTTING 
IPAVT  WEAR  1 

CORRUGA- 

TION 

X o>  AoaOway 
lu  1 ■ a% 

(2)  26  - 
(3)  0«r  75% 

alligator 

CRACKING 

(1)  MftirMn* 

C2l  $0*liinQ 

0)  Soamrtg  A 

Purrtp4n9 

RAVELING 

OR 

flushing 

(1)  SMgrtt 

(2) 

0>  S«y«r« 

longi- 

tudinal 

cracking 

\ ■ 90 

(2i  1®  - ^90 
(3)  200  Piu* 

trans- 

verse 

CRACKING 

No  rSiaiion 
(1)  1 • 4 

O)  5 • 9 
(3>  10  Piu» 

patching 

% AFMfSt* 

m t - 5% 

(2>  6 • 25% 
(3)  Oof  25% 

♦ 

♦ 

t!  t'i  t 

O'  0|  o 

.1  ,|  .1  . 

<;  <!  <\  < 

(A|  tn  K 

_|isl  si  st 

o!  1 1 1 if 

Mii:S 

w 

i'i 

o 

UJ 

3 

3) 

i 

1 

S' 

!!s 

|!  < 
O 1 u> 

5 

9 

o 

5 

E 

b 

7 

a 

o 

8 

_E 

b 

i 

f 

1 1 

III! 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 1 i 

1 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 i 

1 1 

1 1 1 1 M 

1 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 1 j 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 ! _ 

— ■ 

1 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 

1 1 1 1 1 ^ 

— 

— 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 1 . 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 

1 1 1 I 1 _| 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 1 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 1 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 i 

- 

1 1 

I 1 1 1 

1 1 

1 1 1 

1 1 1 

1 I 

1 1 

1 1 

1 1 1 1 1 

- 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 1 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 1 

-- 

1 1 

1 1 1 1 

1 1 

1 1 1 

1 1 1 

1 1 

1 1 

i 1 

1 1 1 1 1 

- 

1 1 

1 1 1 1 

1 1 

1 1 1 

i 1 j 

1 I _ 

1 1 

1 1 

1 1 1 1 ! 

ENDING 

CSMP 

X 

UJ 

s 

s 

BITUMINOUS  PAVEMENTS 

POAOMETcR 
COUNTS  PER  mile 

★ code  s (T)  IT)  * * Ay/n/’ff  • P«vr.  »V#. 

Urxjar  CoriiiruCtion.  (3)  d"Cge.  (<)  Aottf  (f)  % " fO  “ 

Impi3i$ci9.  (5)  Om#r  " to  H ** 

(J)  0»»r 


13 


FIGURE  4 - COMPLETED  RATING  FORM 
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The  county  will  repair  the  roads  in  the  most  deficient  category  first 
(approximately  121  miles),  then  the  roads  in  the  next  category  and  so  on  until 
the  annual  operating  budget  is  expended.  They  plan  on  completing  the  roads  in 
the  most  deficient  category  over  a three-year  period. 

Figure  5 is  the  result  of  the  last  evaluation,  showing  rated  sections  of 
arterial  roads  in  priority  order.  The  location  of  each  section,  distress 
types  present,  the  evaluated  distress  score,  recommended  corrective  action, 
and  estimated  cost  are  identified  on  the  form. 

Long-range  programming  is  not  performed  on  a formal  basis  at  this  time. 
Repairs  to  the  four  priority  categories  are  planned  to  be  performed  over  the 
next  several  years.  Cost  factors  are  essentially  current  costs.  The 
following  estimated  costs  are  used  for  planning: 


BST  - patching  and  sealing 
BST  - sealing 
AC  pre-leveling 
Crack  sealing 


- $ 3,000/lane  mile 

- $ 2,300/lane  mile 

- $ 1 , 520/lane  mile 

- $400  to  $l,400/lane  mile 


Budgeting  Procedures-  -Budgeting  is  on  an  annual  program  basis  rather 
than  for  individual  maintenance  projects.  The  annual  maintenance  program 
budget  is  based  on  an  annual  plan.  The  annual  plan  is  developed  manually,  and 
then  broken  down  into  activities  which  should  be  done  each  month.  Weekly 
schedules  are  also  prepared  manually.  Costs,  manpower,  and  schedule  adherence 
are  tracked  by  computer. 


Predominate  Repair  and  Rehabilitation  Techniques  - The  predominate  repair 
techniques  are  surface  treatment  (oil  and  rock)  and  pre-leveling.  Patching  is 
also  performed,  but  in  low  volumes.  The  current  year's  budget  provides  for 
approximately  200  lane  miles  of  surface  maintenance  and  30  to  40  lane  miles  of 
pre-leveling. 

Patching  generally  consists  of  skin  patching  with  surface  treatment  or 
emergency  patching  with  hot  mix  asphalt.  Hot  mix  can  be  used  all  year  round 
since  the  county  has  a portable  heating  unit  for  transporting  the  hot  mix. 
Cutting  out  is  seldom  done  since  most  road  pavements  are  bituminous  surface 
treatments  and  are  relatively  thin.  Pre-leveling  is  performed  instead  of 
extensive  patching. 
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FIGURE  5 - RATED  SECTIONS  OF  ARTERIAL  ROADS 
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Pre-leveling  consists  of  laying  "paper"  (Petro-mat)  over  a distressed 
section  of  road  and  then  placing  hot  mix  asphaltic  concrete  to  restore  the 
cross  section.  The  depth  of  asphalt  varies  from  2 to  3 inches  along  the  edges 
to  less  than  1 inch  at  the  centerline.  Asphalt  is  usually  placed  by  dumping 
from  trucks  and  spreading  with  a grader  although  the  county  also  uses  a Layton 
box  spreader.  Pre-leveled  roads  are  generally  surface  treated  either  the  same 
or  the  following  year. 

The  surface  treatments  consist  of  an  application  of  approximately  0.35 
gallons  per  square  yard  of  CMS-2  emulsified  asphalt  and  approximately  20 
pounds  per  square  yard  of  3/8  inch  crushed  gravel.  Surface  treatments  are 
assumed  to  have  a life  of  about  four  years.  This,  however,  is  dependent  upon 
the  amount  of  freezing  weather.  The  county  is  also  making  a conscious  effort 
not  to  resurface  based  on  age  or  because  other  nearby  streets  are  being 
resurfaced.  For  the  past  five  years  areas  with  severe  distress  have  been 
pre-leveled  and  then  a surface  treatment  applied.  The  county  hopes  to  get  a 
ten  year  service  life  extension  from  pre-leveled  roads. 

County  forces  perform  100  percent  of  the  required  crack  sealing, 
patching,  graveling  and  pre-leveling.  Oil  and  rock  surface  treatments  are 
currently  performed  by  contract.  Overlays  are  not  frequently  used  but  also 
are  performed  by  contract. 

Unpaved  Roads  - The  county  has  116  miles  of  gravel  roads  which  are  not 
part  of  the  pavement  management  system.  Grading  and  regraveling  are  the 
primary  maintenance  options.  Regraveling  is  generally  performed  once  per 
year,  grading  frequency  varies  depending  on  the  need  or  the  number  of 
complaints,  but  is  usually  done  about  once  per  month. 

The  county  stopped  dust  control  in  1974-1975  but  has  recently  been 
experimenting  with  a papermill  waste  product.  The  material  ( a sulphide)  can 
be  applied  on  a spot  basis  at  a cost  of  about  $30  for  the  area  in  front  of  a 
house.  This  material  will  be  used  this  year  where  houses  are  close  to  unpaved 
roads. 

The  county  has  decided  to  gradually  pave  all  unpaved  roads.  It  will  pave 
through  roads  first  and  then  non-through  gravel  roads.  This  year  it  plans  to 
pave  13  miles.  Those  with  no  major  right-of-way  problems  have  been  selected 
for  the  first  year. 
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Intergovernmental  Cooperation  - The  county  utilizes  state  purchasing 
contracts  for  procurement  of  cars  and  clerical  supplies.  It  purchases 
approximately  10  vehicles  per  year  but  is  not  aware  of  how  much  money  it 
saves.  ^ The  county  can  use  purchase  contracts  developed  by  any  incorporated 
municipality  or  the  state,  but  uses  only  the  state's  purchasing  contracts. 

A cooperative  effort  among  counties  in  Western  Washington  will  result  in 
the  inclusion  of  structural  data  using  either  a Oynaflect  or  Roadrater 
nondestructive  testing  device.  The  initial  effort  will  consist  of  the  rating 
of  100  miles  of  road.  A continuing  program,  with  multi-county  ownership  of 
equipment  and  sharing  of  maintenance  and  operational  costs,  will  result  in  the 
full  coverage  of  all  county  roads. 

The  county  owns  its  own  construction  equipment  and  rents  additional 
equipment  from  private  vendors  when  needed.  There  is  no  joint  purchasing  of 
equipment  with  other  municipalities  or  counties.  Equipment  is  occasionally 
rented  to  the  cities  in  Thurston  County.  The  charges  are  the  same  as  those 
that  the  Equipment  Section  charges  the  Road  Maintenance  Section. 

Conclusion  - Thurston  County  is  an  excellent  example  of  a local 
government  using  procedures  developed  by  others  to  its  advantage.  The  PMS 
being  used  by  Thurston  County  has  been  tailored  to  meet  its  specific  needs.  A 
limited  amount  of  distress  data  that  is  meaningful  to  Thurston  County's 
operations  is  collected,  which  reduces  the  expense  of  data  collection  while 
still  fulfilling  the  needs.  The  system  produces  useful  results  and  can  be 
operated  manually.  The  County  uses  engineering  fabric  prior  to  overlays 
successfully.  Thurston  County  is  successfully  using  several  approaches  to 
intergovernmental  cooperation  to  reduce  the  cost  of  implementing  a pavement 
management  system. 

Although  an  excellent  management  tool,  the  road  inventory  appears 
cumbersome  and  could  possibly  be  simplified.  The  pavement  management  system 
used  is  a tool  for  determining  present  needs  but  does  not  make  predictions  of 
future  conditions  or  needs  so  is  rather  limited  as  a long-range  planning 
tool.  The  PMS  prioritizes  the  worst  sections  first,  which  tends  to  minimize 
preventive  maintenance,  and  may  not  be  the  most  cost-effective  strategy  from  a 
life-cycle  point  of  view,  particularly  for  higher  type  pavements.  Finally, 
unpaved  roads  are  not  managed  on  as  systematic  basis  as  the  flexible 
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pavements,  although  Thurston  County  does  have  a program  to  gradually  pave  all 
roads. 

For  more  information  contact: 


Mr.  Alva  Williams,  P.E. 
Director  of  Public  Works 
2000  Lakeridge  Dr.,  S.W. 
Olympia,  Washington  98502 
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Sparks,  Nevada 


Sparks,  Nevada,  population  41,000,  adjoins  Reno,  Nevada.  The  City  of 
Sparks  is  governed  by  a mayor  and  five  member  city  council.  The  Director  of 
Public  Works  reports  to  these  elected  officials. 

The  Public  Works  Department  (DPW)  is  divided  into  four  major  divisions: 
Treatment  Plant,  Building  Inspection,  Engineering,  and  Maintenance.  The 
pavement  management  system  is  administered  by  the  Engineering  Division.  The 
Maintenance  Division  contains  the  following  sections:  Street  Maintenance, 

Sanitation,  Traffic  Safety,  Building  Maintenance,  Parks  Maintenance,  and 
Equipment  Maintenance. 

The  street  maintenance  section  has  three  supervisors/foremen  and  a work 
force  of  11  equipment  operators  and  maintenance  workers. 

The  engineering  division  is  headed  by  a professional  engineer,  and  has 
two  non-regi stored  engineers,  two  engineering  technicians,  three  clerical 
persons  and  four  construction  inspectors.  The  pavement  management  system  is 
currently  administered  by  an  engineering  technician  under  the  direction  of  the 
division  chief. 

The  City  of  Sparks  is  responsible  for  maintaining  310  lane  miles  of 
pavement.  This  mileage  is  broken  down  into  three  functional  classifications: 
commercial  (49  miles),  primary  (99  miles),  residential  (162  miles).  All  city 
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maintained  streets  are  asphaltic  concrete  with  the  exception  of  a few  unpaved 
alleys  that  have  not  been  included  in  the  inventory. 

The  city  believes  that  private  streets  could  eventually  become  a 
maintenance  burden  for  the  city.  Therefore,  it  will  accept  some  of  the 
responsibility  for  inspection  of  new  construction  of  private  streets.  A plan 
for  providing  maintenance  must  also  be  approved  before  private  streets  can  be 
built. 

Surface  Management  System  - The  city  uses  the  "PAVER"  pavement  management 
system  developed  by  American  Public  Works  Association  (APWA)  and  the  Army 
Corps  of  Engineers  (COE).  The  filing  and  analysis  of  data  is  performed 
through  a time  sharing  account  arrangement  with  APWA  and  Boeing  Computer 
Service.  The  city  also  has  a street  inventory  on  its  in-house  computer.  The 
street  inventory  contains  a record  of  available  historic  construction  and 
maintenance  data  as  well  as  section  length  and  width.  Each  block  is  carried 
in  the  inventory  as  a separate  section  as  are  intersections.  The  city  plans 
to  eventually  input  this  historic  data  into  the  APWA-COE  "PAVER"  system.  The 
system  is  administered  by  one  full-time  engineering  technician.  This 
individual  does  currently  have  other  duties  and  responsibilities  not  directly 
related  to  the  surface  management  system.  Figure  6 is  a sample  from  the  city 
street  inventory. 

The  City  has  been  working  on  the  implementation  of  PAVER  for  over  a year 
and  it  is  not  yet  fully  operational  as  of  June  1984.  The  City  is  happy  with 
the  progress  and  the  results  of  the  implementation  thus  far.  APWA  reports 
that  the  rate  of  progress  of  Sparks  is  not  unusual.  APWA  recommends  that 
clients  not  put  the  PAVER  system  in  too  quickly  but  rather  use  a slow  pace  to 
learn  the  procedures  and  ensure  accurate  input  data. 

Condition  Assessment  - Important  components  of  PAVER  are  the  pavement 
condition  survey  and  rating  procedures.  Data  obtained  from  these  procedures 
are  the  primary  basis  for  determining  maintenance  and  repair  requirements  and 
priorities.  The  pavement  condition  rating  is  based  on  the  PCI,  which  is  a 
numerical  indicator  based  on  a scale  of  0 to  100.  The  PCI  measures  the 
pavement's  structural  integrity  and  surface  operational  condition. 

The  PCI  is  determined  by  visual  surveys  that  gather  information  on 
distress  type,  severity,  and  extent  or  amount.  Figures  7 through  10 
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FIGURE  6 - CITY  STREET  INVENTORY  SAMPLE 
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FIGURE  7 - FORM  A - CONCRETE  PAVEMENT  INSPECTION  SHEET 


BRANCH SECTION 

DATE  SAMPLE  UNIT 


SURVEYED  BY 


SLAB  SIZE 


• • • • 


'C 


Distress  T YPes 

21  Blow-Up  31-  Polished 

Buckhnq/Shattenng  Aggregate 

22.  Corner  Break  3 2.  Popouts 

23.  Divided  Slab_  , 3 3.  Pumping 

24  Durability  { 0 ) 3 4 Punchout 

Cracking  35.  Railroad 

25  Faulting  Crossing 

26  Joint  Seal  Damage  3 6 Scahng/Map 

ZT  Lane/Shiar  Drop  Off  Cracking/Crazmg 

28.  Linear  Cracking  3 7.  Shrinkage  Cracks 

29  Patching,  Large  3 3 3.  Spall  mg,  Corner 

Util  Outs  3 9.  Spalling,  U 

30  Patening,  Small  Joint 

0I5T 

TYPE 

SEV. 

NO 

SLABS 

SLABS 

DEDUCT 

value 

26* 

7777Z 

V////Z 

DEDUCT  total 

CORRECTED  DEDUCT  VALUE  ODV) 

PCI  --  lOO  - CDV  : 
RATING  r 

» J//  Distresses  ^re  Counted  On  A SiaD-dySicO  dasis  Exceot 
D 'Stresses,  >vnicn  is  ^atea  ^or  tne  Entire  Sample  Unit 


Figure  7.  Jointed  concrete  sample  unit  inspection  sheet. 
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FIGURE  8 - FORM  A - CONCRETE  PAVEMENT  INSPECTION  SHEET 


BRANCH  MARSJiALL  AVB. 

DATE  /^y  3^77 

SURVEYED  BY  S /f 


12  2 4 

* All  Distresses  Are  Counted  On  A SiaD-By~Siab  Basis  Except 
Distress  26,  tVhicn  is  ^ced  ^or  the  Entire  Sample  Unit. 

MiK  Total  Numper  of  SidPs  Containing  Each  Distress  of 
Same  Severity 

SOURCE:  APWA-COE-PAVER 


ZQl 

38l 

23  M 
33L 

22L 

22  M 

23tv! 

SECTION 


J. 


SAMPLE  UNIT 


SLAB  SIZE  ^ 


Distress 

T Ypes 

21 

Blow-Up 

31. 

Polished 

Buckling/Shattering 

Aggregate 

22. 

Corner  Break 

32. 

Popouts 

22. 

Divided  Slab 

33 

Pumping 

24 

Durability  ( 0 } 

34 

Punchout 

Cracking 

2 5. 

Railroad 

25 

Faulting 

Crossing 

26 

Joint  Seal  Damage 

36. 

Scaling/ Map 

27 

Lane/Shidr  Drop  Off 

Cracking/Crazing 

28. 

Linear  Cracking 

3 7 

Shrinkage  Cracks 

29 

Patching,  Large  B 

3 3. 

Spalling,  Corner 

Util  Cuts 

3 9 

Spalling,  U 

30. 

Patching,  Small 

Joint 

DIST. 

TYPE 


SEV. 


NO.** 

SLABS 


7 


IIabs 


DEDUCT 

value 


26* 


M 


i 


L 


y 


22 


M 


J* 


-g. 


2B 


L 


28 


/o 


38 


-k 


/(2> 


DEDUCT  total  % ~ 


Z7 


CORRECTED  DEDUCT  VALUE  (CDV) 


ZH 


2A. 


PCI  = 100  - CDV  - . 

RATING  = '(ZrOOD 
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FIGURE  9 - FORM  B - ASPHALT  PAVEMENT  INSPECTION  SHEET 


* BRANCH  

DATE  

SURVEYED  BY 


SECTION 

SAMPLE  UNIT 

AREA  OF  SAMPLE 


Distress  Types 


5 

6. 

*7 

*3 

*9 


I Alligator  Cracking 

2.  Bleeding 

3.  Block  Cracking 
Bumps  and  Sags 
Corrugat ion 
Depression 
Edge  Cracking 
Jt  Reflection  Cracking 
LJne/Shidr  Drop  Off 


^10.  Long  3 Trans  Cracking 
II  Patcrnrig  B Util  Cut  Patching 
12.  Polished  Aggregate 
*13.  Potholes 
14  Railroad  Crossing 

15.  Rutting 

16.  Shoving 

1'^  Slippage  Cracking 
Id.  Swell 

1 9.  Weathering  and  Raveling 


SKETCH! 


existing  distress  types 

■ V.  , 

-jcr  <- 

M 

H 

°ci  calculation 


DISTRESS 

TYPE 

DENSITY 

SEVERITY 

DEDUCT 

VALUE 

DEDUOT  total 

CORRECTED  DEDUCT  VALUE  (CDV) 

PCI  =100  -CDV  : 


RATING  - 


X AH  Distresses  Are  Measured  in  Sguare  Feet  Except  Distresses  4,7,3,$ 
and  lO  Which  Are  Measured  in  Linear  Ft]  Distress  i3  is  Measurea  m 
Number  of  Potholes. 

SOURCE;  APWA-COE-PAVER 
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FIGURE  10  - FORM  B - ASPHALT  PAVEMENT  INSPECTION  SHEET 


BRANCH  SECTION  / 

DATE  SAMPLE  UNIT  / 

SURVEYED  BY  AREA  OE  SAMPl  E 2£'0D 


Distress  Types 


/.  Alligator  Cracking 

2.  Bleeding 

3.  Block  CraCKing 
*A.  Bumps  and  Sags 

5.  Corrugat  lon 

6.  Depression 
*7  Edge  Cracking 

* 9 Jt  Reflection  Cracking 
*9  Ldne/Shidr  Drop  Off 


^lO.  Long  BTrans  Cracking 
IL  Patching  9 Util  Cut  Parcnmg 
12.  Polished  Aggregate 
*13.  Potholes 
14  Railroad  Crossing 

15.  Rutting 

16.  Shoving 

17  Slippage  Crocking 
19.  Swell 

19  Weathering  and  Raveling 


SKETCH. 

n 


too 


f ,v 


Oikecr/ON 

i uft  ye  /6  0 


ZS' 


existing  distress  types 


/OL. 


SL 


z 


' k UL 


fl  KA 


iW. 


ZxZSL 


ziJ- 


C}  n R L 


iP  L 


YO 


2R 


'0 


PCI  calculation 


DISTRESS 

TYPE 

DENSITY 

SEVERITY 

DEDUCT 

value 

1 

O.Z^ 

L 

-4 

1 

O (oR 

E 

C.PG 

L. 

!0 

. 

U 

!0 

o . ^ 

K/t 

3 

IS 

z.o 

3 

DEDUCT  total  9^  - Z. 

is- 

CORRECTED  DEDUCT  VALUE  (CDV) 

3S 

=>CI  :!C0~CDV  = 


7 


RATING  - 


OOOO 


tK  AH  Distresses  Are  Measured  in  Sduare  Feet  Except  Distresses  4, 7,5,9 
and  ‘0  Which  Are  Measured  in  Linear  ^t ; Distress  I3  is  Measured  in 
\urroer  of  t^othaies 
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illustrate  blank  field  inspection  sheets  and  samples  of  completed  sheets.  The 
PAVER  condition  assessment  procedures  involve  statistical  sampling  of  each 
section  of  road.  Figure  11  illustrates  a typical  pavement  inspection  report 
after  computer  analysis. 

Despite  rather  significant  problems  with  raveling  and  oxidation  most 
streets  scored  fairly  high  under  the  PAVER  system.  The  city  did  modify  the 
rating  criteria  for  longitudinal  and  transverse  cracking.  Cracks  that  would 
be  rated  as  low  severity  under  the  PAVER  criteria  are  rated  as  moderate 
severity  by  the  city  and  moderate  severity  cracks  are  rated  as  high  severity 
by  the  city. 

The  visual  condition  surveys  were  performed  over  a one  year  period  by  two 
2-man  teams.  Approximately  20  hours  per  week  were  expended  in  the  field  for 
the  collection  of  condition  data.  An  equal  effort  was  required  in  the  office 
for  collection  of  historical,  traffic  and  other  data. 

Roughness  information  is  not  collected.  Structural  data  are  collected  on 
an  occasional  basis.  Pavement  cores  are  taken  to  verify  historical  records  or 
determine  pavement  thickness.  Benkelman  beam  tests  have  been  conducted  on  a 
trial  basis  but  the  results  have  not  been  used  for  network  or  project  level 
analysis. 

It  is  planned  that  condition  assessments  will  be  performed  annually  for 
approximately  one  third  of  the  road  network.  When  the  city's  PAVER  system  is 
fully  operational,  it  will  generate  a list  of  inspection  requirements. 

Although  field  evaluations  have  been  completed  the  city  had  some  problems 
with  entering  their  tapes  and  getting  Pavement  Condition  Indexes  (PCI's)  out 
of  the  system.  At  the  present  time  they  have  ratings  for  approximately  65 
percent  of  their  streets.  The  missing  35  percent  are  the  higher  traffic 
volume  roads. 

Strategy  Selection  - The  most  frequently  considered  maintenance  and 
rehabilitation  strategies  are: 


Strategy 


Seryice  Life 


1.  Cold  planning  with  oyerlay 

2.  Open  graded  overlay  (3/4  inch) 

3.  Fog  seal 

4.  Chip  seal 


5-10  years 
5-10  years 

1-  2 years 

2-  4 years 
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FIGURE  1 1 - TYPICAL  PAVEMENT  INSPECTION  REPORT 


REPORT  DaTE- 


1 1.  y S 5 


EM  ENT  I N S P E CT I Of-  J 


AGEfNlCY  NUMBER  = 


ei234S  RESEARCH  P-iPh 


BP^ICH  M«1E  - irJTEPST-TE  DRIU'E  SECTION  LEf-lC-Th  - 558  LF 

SPWjCH  NUMBER:  - I INTE  SECTION  MIOTH  - 29  LF 

SEC~:ON  number  - yl  SECTION  AREA  - 1917  SY 


INSPECTION  D.-.TE  - 04-12. 
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PCI-  24  P 

PI  1 I M G—  E P ■ 1 POOR 

COND I T I ON-  R I D I NG-  SAFET  v - 

DRnlNrtGE- 

Si-iOULDERS- 

O' .'E  Fall- 

TOT^L  number  of  SAf-IPLES 

in  section- 

6 

NUMBER  OF  SAMPLES  SUP'-'E'. 

ed» 

6 

recommended  samples  to  be  SUPU'EV 

ED= 

6 

STANDARD  DEU'Ii-iTION  OF  PCI  BETWEEN  RANDOM  UNIT 

3 'SUPVE  r El'= 

16.5 

Sam  P L E Uf'4 1 T - 1 R«f si  D OM  ■ 

Sample  size- 

2700  '5  F 

■SAf-lPLE  PCI 

- 50 

DISTRESS  TiPE 

SEVERITY 

QUANT I TY 

DENS I T I -PCT 

DEDUCT- 

value 

01  wLLI'^hTOR  CP 

MEDIUM 

224  SF 

'S . *6 

44 . 8 

07  EDGE  CP 

H I Gm 

40  LF 

1 .48 

16.0 

or  EDGE  CR 

MEDIUM 

21  LF 

0 . r? 

7.6 

0R  LAfsiE.  SHlDP  drop 

HIGH 

40  LF 

1 , 43 

8.3 

O'*  LiiNE.-  SnLDP  DROP 

MEC’I  UM 

25  LF 

1 . 2* 

4.8 

10  LONGz-^TPANS  CP 

LOU 

IS  LF 

0 .66 

0 .5 

10  LONG.-' TP Af  IS  CP 

MEDIUl'1 

*1  LF 

*■  * «; 

14.7 

SrH-IFLE  UNIT-2  ■ Rf-,NDOM' 

sample  size- 

2856  SF 

sample  pci 

- 14 

DISTRESS  r, PE 

SEVER  I T> 

QUANTITY 

DENSITY -PCT 

DEDUCT- 

value 

01  >-<LLl  Gi-iT.jP  CP 

HIGH 

■iS  SF 

2 t 33 

42.4 

0i  i-^LL I GntTt.ip  QP 

MEDIUM 

3S5  SF 

13.43 

50.2 

10  LONG- TRLrf-'iS  CP 

LOW 

1*0  LF 

5.60 

11.3 

10  LONG.  TR«r-jS  CP 

MED I UM 

42  LF 

1 .47 

11.4 

11  patohutil  cut 

LOU 

*4  S 6 S F 

17.01 

21 .2 

11  p«tck.-util  Cut 

MEDIUM 

120  SF 

4.20 

20.4 

1~  SLIP®-GE  CR 

HIGH 

24  SF 

0 . 34 

16.7 

17  SLIPP-4GE  CP 

MEDIUM 

174  SF 

6.09 

25.2 

Sample  unit- 3 i.rhndom> 

SAMPLE  SIZE- 

2800  SF 

Sample  pci 

- 39 

DISTRESS  T,PE 

SEVER  IT, 

QUANTITY 

density -PCT 

DEDUCT- 

U'aLUE 

01  '■•LLIGaTOP  CP 

H I gh 

1 SF 

0.03 

12.8 

01  AllNS»iTOR  CP 

LOW 

56  SF 

2.00 

16.2 

01  hLl.  I lP 

MEDIUM 

289  SF 

10.32 

47.  I 
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The  selection  of  individual  projects  and  the  treatment  strategies  for 
these  projects  is  based  on  factors  such  as  funds  available,  citizen 
complaints,  information  from  the  management  system,  political  considerations, 
utility  information  and  future  development  plans.  The  city  currently  does  not 
use  life-cycle  cost  analysis  in  strategy  selection. 

Once  the  PAVER  system  is  operational  it  is  hoped  that  a more 
sophisticated  strategy  selection  process  can  be  used.  Eventually  maintenance 
strategies  will  be  related  to  the  Pavement  Condition  Index. 

Figure  12  is  a sample  life-cycle  cost  analysis  that  will  be  generated  by 
PAVER.  This  analysis  will  allow  the  comparison  of  various  strategies  for  a 
particular  section  of  road,  allowing  the  selection  of  the  strategy  that  will 
yield  the  lowest  total  life-cycle  cost. 

Priority  Assignment  - The  priorities  for  individual  projects  are  based  on 
maintenance  needs.  Those  streets  which  need  immediate  maintenance  are  given 
the  highest  priority.  A high  priority  is  given  to  roads  which  will  be 
impacted  by  increased  bus  traffic.  Changes  in  bus  routing  have  in  the  past 
placed  bus  traffic  on  residential  streets  that  were  not  structurally  adequate 
for  the  wheel  loads  generated  by  large  buses.  Priority  is  also  given  to  roads 
which  will  be  impacted  by  new  construction.  For  example  a proposed  new  ring 
roadway  will  be  concentrating  traffic  on  certain  older  roads  that  are  not 
designed  for  high  traffic  volumes. 

Long  Range  Programming  - The  city's  long  range  objective  is  to  bring  all 
streets  up  to  a minimum  condition  rating  of  65.  It  would  like  to  have  no 
roads  in  the  failing  category  within  a 5-year  time  frame  and  no  roads  below 
the  minimum  PCI  within  ten  years.  Specific  objectives  such  as  individual 
projects,  expected  expenditures  or  strategy  selection  have  not  been  defined. 

Budgeting  Procedures  - Individual  street  improvement  projects  are  not 
specifically  identified  in  the  budget  process  at  this  time.  Funding  is 
requested  on  an  annual  basis  for  a general  street  improvement  program.  The 
program  is  not  finalized  until  a budget  allocation  is  approved.  The  finalized 
program  is  coordinated  directly  with  the  utility  companies  rather  than  through 
the  permit  process. 
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FIGURE  12  - SAMPLE  LIFE-CYCLE  COST  ANALYSIS 


DATF.  r-  83/12/14. 

PROJFCTFIi 

COST  ANAL  YSIS 

(DETAIL) 

SECTION  ID 

: -EXAMPLE 

ALTFRNAl IVr: - RECONSTRUCTION 

SECTION 

AREA ( S . Y . 

) :- 

LIFE  OF  ALTERNATIVE 

20  INTEREST  RATE:-  7.0 

INFLATION 

rate: 

MSR  ACTIVITY 

YEAR 

COST(S) 

PRESENT 

VALUE(S) 

REMOVE  AC;  SURFACE 

1983 

34370.00 

34375.00 

REMOVE  BASF 

1983 

17430.00 

17450.00 

REPL.ACE  BASE 

1983 

13300.00 

12500.00 

(fiPD  RECYCLE  TO  BASF 

1983 

10650.00 

10650.00 

PLACE  3’  SURFACE  AC 

1983 

63323.00 

65325.00 

TO  TAL : ^ 

140300.00 

140300.00 

CRACK  SEAI  INC  PATCH 

1 9R6 

1000.00 

8A6 . 26 

SEAL.  COAT  “J/YR 

1988 

3000.00 

2361 .5P 

CRACK  SEALING  PATCH 
CRAG 

1989 

1000.00 

750.41 

ADD  RECYCLE  TO  BASE 

1983 

10650.00 

10650.00 

PLACE  3*  SURFACfc  AC 

1983 

63323.00 

65325.00 

TOTAL  : - 

140300.00 

140300.00 

CRACK  SFALING  PATCH 

1 986 

1000.00 

866.26 

SEAI  COAT  S/YR 

1988 

3000.00 

2361 . 58 

C.RACK  SEALING  PATCH 

1989 

1000.00 

730.41 

CRACK  SEALING  PATCH 

1 992 

1000.00 

650 . 05 

SFAl  COAT  S/YR 

1993 

3000.00 

1859.02 

CRACK  SEALING  PATCH 

1993 

1000.00 

563.11 

SEAL  COAT  S/YR 

1998 

3000.00 

1463.41 

CRACK  SEALING  PATCH 

1990 

1000.00 

487.80 

total:- 

4000.00 

1951.22 

CRACK  SEALING  PATCH 

2001 

1000.00 

422.37 

INITJAL  C05T($):-  1^0300.00 

PRESENT  VALUE ( $ ) : ^ 1 197?4 . 33 

EQUIVALENT  UNIFORM  ANNUAl  CnST($):-  14132.91 

EUAC  PER  Sn.  YD.  V*):-  2.04 

END  OF  REPORT  

select: (A-F)  (H-HELP) 

I> 


6934.0 

2.0 
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The  budget  for  routine  maintenance  activities  is  established  as  part  of 
the  annual  operating  budget  and  is  funded  from  general  revenues.  The 
priorities  for  routine  maintenance  activities  are  assigned  by  the  maintenance 
division  primarily  on  a complaint/response  basis. 

Design  Procedures  - Structural  design  of  pavements  is  based  on  R values 
or  CBR  testing.  The  structural  section  cannot  be  less  than  that  established 
by  DPW  standards. 

Predominate  Repair  and  Rehabilitation  Techniques  - The  predominate 
maintenance  technique  used  by  the  City  of  Sparks  is  asphalt  overlay.  Full 
depth  patching  is  performed  prior  to  overlaying  or  chip  sealing.  Overlays  are 
also  preceded  by  cold  milling.  Fog  sealing  is  used  as  a maintenance  treatment 
to  a limited  extent  at  present,  but  may  become  one  of  the  city's  predominate 
techniques  in  the  near  future.  Chip  sealing  was  performed  in  1983  but  was  not 
well  received  in  residential  neighborhoods. 

The  DPW's  Engineering  Section  is  considering  more  widespread  use  of  fog 
seals  for  several  reasons.  The  primary  reason  is  that  oxidation  and  raveling 
are  major  types  of  pavement  distress  in  Sparks  due  to  arid  climate.  Fog  seals 
may  be  an  economic  means  of  retarding  these  types  of  distress  due  to  its  low 
cost  per  application  when  compared  with  overlays  and  chip  seals.  Another 
reason  is  for  public  relations.  Chip  seals  generate  a high  volume  of 
complaints  due  to  a loss  of  cover  aggregate.  Periodic  fog  seals  should  allow 
the  time  between  chip  seals  to  be  extended  thereby  reducing  complaints.  Fog 
sealing  shortly  after  chip  sealing  is  also  being  considered  to  improve  the 
visual  appearance  of  residential  streets. 

The  city  has  experimented  with  several  different  overlay  designs  during 
the  past  few  years.  They  began  by  using  relatively  thin  overlays  of 
approximately  3/4  inch  placed  on  engineering  fabric.  Surface  preparation 
consisted  of  cold  planing  only  (3/4  inch  removed),  with  no  patching. 

Problems  with  reflective  cracking  led  to  improved  surface  preparation 
(patching)  and  thicker  overlays.  With  the  increased  thickness  (1  1/2  inches), 
the  engineering  fabric  was  eliminated.  In  its  1983  overlay  program  the  city 
also  addressed  the  problem  it  had  been  having  with  excessive  raveling.  The 
city  switched  from  an  open  graded  overlay  (actually  more  of  a gap  graded 
mixture)  to  a conventional  well-graded  aggregate  band.  The  city  also  fog 
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sealed  the  new  overlays.  In  preparation  for  its  overlays  the  city  mills  the 
existing  pavement  full  width  to  a depth  equal  to  the  planned  overlay 
thickness.  This  is  done  to  prevent  loss  of  curb  reveal  and  development  of 
excessive  crown.  The  city  performs  its  full  depth  patching  prior  to  grinding 
because  the  distressed  areas  are  obscured  by  the  cold  milling  process. 

Conclusion  - PAVER  is  a sophisticated  pavement  management  system  that 
uses  a very  complete  visual  condition  survey,  maintenance  and  rehabilitation 
selection  process,  and  life-cycle  costing.  The  city  has  modified  some  of  the 
condition  rating  procedures  of  PAVER  to  meet  local  conditions.  The  City  has 
established  long-range  objectives  for  the  condition  of  its  streets.  A 
structural  design  procedure  for  overlay  thicknesses  is  used.  The  City  has 
experimented  with  a variety  of  maintenance  and  repair  procedures.  These 
include  chip  seals,  fog  seals,  cold  milling,  and  engineering  fabrics. 

Although  PAVER  will  be  very  useful  to  Sparks  when  fully  operational,  the 
implementation  process  requires  a significant  period  of  time  (over  one  year 
appears  quite  slow).  The  visual  condition  assessments  required  by  PAVER 
require  a great  deal  of  effort  because  of  the  number  of  distress  types 
measured  and  level  of  detail  of  required  data.  The  statistical  sampling 
procedure  avoids  the  necessity  to  rate  100  percent  of  the  pavement,  but  it  is 
time  consuming  because  of  the  need  to  lay  out  the  test  units  and  because  crews 
may  need  to  return  to  specific  sections  to  collect  more  data  if  the  analysis 
determines  that  there  is  too  much  variation.  The  use  of  engineering  fabric 
with  overlays  as  thin  as  3/4  inch  does  not  seem  appropriate  particularly  in 
view  of  climate.  The  city's  plans  to  increase  use  of  fog  seals  should  help  to 
reduce  the  problem  of  raveling. 

For  more  information  contact: 

Mr.  Larry  E.  Quilici,  P.E. 

Senior  Engineer 

431  Praterway 

Sparks,  Nevada  89431 
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Those  interested  in  learning  of  the  experiences  of  other  local 
governments  using  PAVER  should  contact: 

American  Public  Works  Association 
Research  Foundation 
1313  East  60th  Street 
Chicago,  Illinois  60637 
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Barstow,  California 


Barstow,  California,  population  18,000,  is  located  in  San  Bernardino 
County.  Barstow  is  in  the  high  desert  region  of  Southern  California. 

Region  9 of  the  Federal  Highway  Administration  (FHWA)  has  converted  the 
California  Pavement  Management  System  to  run  on  a Radio  Shack  microcomputer 
for  use  by  small  local  governments.  Several  governments  converted  this 
program  to  run  on  other  microcomputers . Several  communities  have  expressed 
interest  in  the  program  and  a group  of  six  local  governments  in  Southern 
California  is  testing  it  under  the  sponsorship  of  FHWA.  Barstow  is  one  of  the 
test  installations. 

Pavement  Management  Systems  - The  California  Pavement  Management  System 
(PMS)  has  received  much  attention  because  it  was  one  of  the  first  systems 
developed  and  its  research  report  received  wide  distribution.  Even  though  it 
was  developed  for  a large  roadway  network,  the  system  relies  heavily  on 
engineering  knowledge  of  pavement  distress  and  uses  simplified  decision  trees 
to  analyze  distress  and  assign  repair  strategies.  The  system  has  broad 
application  because  of  its  simplicity. 

The  Caltrans  PMS  considers  flexible  and  rigid  pavement  separately  because 
of  the  characteristic  differences.  To  facilitate  the  use  of  this  system  by 
other  government  organizations,  the  Federal  Highway  Administration,  Region  9, 
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has  adapted  the  Caltrans'  PMS  for  microcomputer  application.  The  methodology 
utilized  in  the  program  was  developed  by  Caltrans  and  published  in 
"Development  of  the  California  Pavement  Management  System,"  Volume  1,  1978  and 
Volume  2,  1981.  The  program  uses  the  Caltrans'  inventory  system  for  pavement 
distress  discussed  in  Volume  2.  It  uses  the  decision  trees  for  distress 
evaluation,  the  repair  strategies,  the  repair  costs,  and  the  priority  ranking 
system  in  Volume  1 . 

The  program  allows  each  agency  to  adjust  key  distress  threshold 
parameters,  priority  assignments,  and  repair  costs  to  better  fit  local  needs. 
For  instance,  if  an  agency  can  tolerate  rougher  pavements  than  Caltrans  would, 
then  the  threshold  can  be  changed.  The  program  produces  an  inventory,  current 
condition,  suggested  rehabilitation  strategies,  costs  and  priorities. 

The  initial  phase  of  the  implementation  of  a pavement  management  system 
for  the  City  of  Barstow  was  completed  in  October  of  1983.  All  existing  roads 
within  the  City  of  Barstow  which  are  designated  FAD  routes,  or  which  are 
identified  as  arterial  or  collectors  on  the  City  Master  Plan,  were  surveyed 
for  pavement  condition. 

The  survey  results  were  entered  into  the  "FPMS"  program  supplied  by  the 
Federal  Highway  Administration  using  a TRS  80  Model  12  microcomputer. 

Condition  Assessment  - The  California  PMS  flexible  pavement  condition 
survey  rates  severity  and  extent  of  six  pavement  distresses: 

• Alligator/Block  cracking 

• Transverse  cracking 

• Longitudinal  cracking 

• Ravel 

• Rutting 

• Patching 
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Because  the  system  is  used  for  project  level  decisions,  100  percent 
coverage  is  used  instead  of  a statistical  sampling.  Figure  13  illustrates  the 
flexible  pavement  condition  rating  system  and  Figure  14  is  a sample  field 
worksheet. 


FIGURE  13  - FLEXIBLE  PAVEMENT  CONDITION  RATING  SYSTEM 
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The  rating  system  does  not  result  in  a single  evaluation  score  because  the 
developers  of  the  system  felt  that  such  a score  was  misleading.  Rather  than  a 
single  score,  the  system  selects  the  most  appropriate  maintenance  and 
rehabilitation  strategy  based  upon  the  actual  distress  types  found. 

Strategy  Selection  - The  strategy  selection  is  based  upon  a decision 
tree.  Figure  15  shows  examples  of  flexible  pavement  decision  trees.  The 
trigger  values  can  be  adjusted  in  the  computer  program  to  make  the  system  more 
responsive  to  local  needs. 

Priority  Assignment  - Each  section  is  placed  into  one  of  16  priority 
groupings,  based  upon  ride  score,  traffic  volumes,  and  compatible  repair 
strategy.  Figure  16  illustrates  the  priority  assignment  used  in  the  CALTRANS 
system.  The  ride  quality  thresholds,  ADT  ranges  and  priority  numbers  can  be 
changed  to  meet  the  needs  of  a local  agency.  Rankings  within  priority  groups 
are  arrived  at  through  the  following  formula: 


Ranking 


Cost  ( in  $1 .000) 

Length  (in  miles)  x ADT 


Lower  numbers  indicate  higher  priorities.  Figure  17  illustrates  the 
results  of  Barstow's  first  pavement  evaluation  using  the  system. 

The  City  found  that  the  cost  analysis  may  not  be  sufficiently  accurate 
for  budgetary  purposes.  Although  the  cost  formulas  appeared  satisfactory  for 
most  streets,  they  did  not  provide  accurate  estimates  for  projects  of  greater 
magnitude  than  2"  to  3"  a.c.  overlay.  In  those  instances  requiring 
extraordinary  construction,  actual  cost  may  be  two  or  three  times  the 
projected  amount. 

Conclusions  - By  making  the  CALTRANS  PMS  available  for  microcomputer 
operation.  Region  9 of  the  FHWA  has  made  a sound  management  tool  available  to 
local  governments.  The  system  is  flexible  and  produces  reports  which  are 
straightforward  and  easily  adjusted  to  meet  local  needs. 
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FIGURE  15  - FLEXIBLE  PAVEMENT  DECISION  TREES 
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FIGURE  16-  FLEXIBLE  PAVEMENT  MANAGEMENT  SYSTEM  PRIORITY  ASSIGNMENT 
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Like  the  Thurston  County  system,  this  PMS  is  a tool  for  determining 
present  needs  but  does  not  make  predictions  of  future  conditions  and  needs 
thereby  limiting  its  usefulness  as  a planning  tool.  Users  should  carefully 
consider  adjusting  the  priority  ranking  procedure  to  meet  their  own  needs. 
Barstow  found  that  the  abrupt  cut-off  of  AOT  values  created  some  inconsistency 
in  the  priority  ranking.  Rigid  and  flexible  pavements  are  managed  separately 
and  no  provision  is  made  for  unpaved  roads. 


For  more  information  contact: 

(The  software  is  available  for  a $10  charge.) 
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FIGURE  17  - BARSTOW'S  PAVEMENT  EVALUATION  SYSTEM 
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Clark  County,  Illinois 


Clark  County,  Illinois,  population  17,000,  is  about  170  miles  south  of 
Chicago,  about  half  way  between  the  southern  tip  of  Illinois  and  Chicago.  The 
county  is  on  the  II 1 inois-Indiana  state  line  about  85  miles  southwest  of 
Indianapolis,  IN.  Cumberland  County,  population  11,000,  borders  Clark  County 
on  the  west.  The  county  seat  of  Clark  County  is  Marshall,  population  3,700. 

The  county  is  governed  by  a Board  of  Commissioners  with  an  appointed 
Superintendent  of  Highways,  who  is  a professional  engineer.  The 
superintendent  has  a permanent  staff  of  11  including  a secretary,  three 
foremen,  and  seven  equipment  operators.  The  county  is  able  to  hire  part-time 
help  as  necessary  including  skilled  and  technical  labor  who  have  full-time 
jobs  elsewhere  or  are  retired. 

The  county  network  consists  of  152  centerline  miles,  all  of  which  are 
flexible  pavement.  Most  of  the  county  roads  are  major  collectors  on  the 
Federal-Aid  Secondary  System.  Those  that  are  not,  are  classified  as  minor 
collectors.  Clark  County  has  15  townships  with  a total  of  784  miles  of 
roads.  Most  township  roads  are  classified  as  land  access  and  many  are  unpaved. 

Condition  Assessment  - The  County  Superintendent  of  Highways  (CSH) 
performs  an  annual  visual  condition  survey  of  his  network.  This  survey  is 
made  in  the  spring  when  it  is  felt  that  the  surface  condition  is  at  its 
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worst.  The  condition  assessment  requires  about  10  man-days.  No  numerical 
rating  system  is  used.  However,  maps  are  marked  and  pertinent  distances  are 
measured  and  recorded.  Benkelman  Beam  measurements  and  borings  are  sometimes 
made  in  areas  that  have  been  identified  as  having  structural  problems. 

Strategy  and  Priority  Selection  - From  the  visual  inspections  and 
structural  analyses,  a determination  is  made  of  the  treatment  needed  to 
restore  the  integrity  of  the  pavement  structure.  The  strategy  could  be 
sealing,  overlaying,  recycling,  base  repair  or  reconstruction.  The  basis  for 
selecting  the  strategy  is  the  magnitude  of  the  problem  and  the  availability  of 
resources.  The  intention  is  to  select  the  best  strategy  for  the  least  money. 
Depending  upon  funds  available  in  a particular  year,  roadway  sections  of 
similar  condition  may  receive  a major  reconstruction  effort  or  may  receive 
something  less  than  the  optimum  treatment  as  a ''stop-gap''  measure. 

The  following  strategies  are  considered: 

• Routine  maintenance  (crack  sealing  and  patching) 

• Sealing  (bituminous  surface  treatment) 

• Overlay 

• Recycling 

All  overlays  are  road-mixed  and  sealed  with  a single  bituminous  surface 
treatment.  Sealing  of  roads  in  good  structural  condition  is  given  a high 
priority.  Prior  to  overlays  an  evaluation  is  made  of  the  adequacy  of  the 
base.  Stabilized  bases  are  frequently  recycled  prior  to  overlay  by 
scarification,  adding  a rejuvenator,  and  compacting.  Both  traffic  and 
functional  classifications  are  considered  when  assigning  priorities. 

Programming  and  Budoetino  - Programs  are  rarely  projected  more  than  five 
years  In  advance.  Five  year  goals  and  objectives  are  established  but 
Individual  projects  are  not  Identified,  except  for  Identified  Federal-Aid 
projects.  Approximately  55  percent  of  the  budget  for  roads  is  spent  on 
maintenance  activities  and  45  percent  on  capital  improvements.  Both 
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Federal-Aid  and  state  funds  are  used  as  much  as  possible  for  capital 
improvements.  Maintenance  activities  include  crack  sealing,  patching, 
sealing,  and  base  repair.  All  crack  sealing  and  patching  activities  are 
performed  with  county  personnel.  Sealing,  base  repair,  overlays,  recycling, 
and  reconstruction  are  usually  performed  with  a combination  of  county  forces 
and  contractors.  Contractors  provide  material,  specialized  equipment,  and 
specialized  work  activities. 

Design  - The  AASHTO  pavement  design  method  is  used  by  Clark  County.  The 
feasibility  of  recycling  in  the  future  is  considered  in  the  original  design. 

A standard  2 1/2  inch  overlay  is  used  for  pavements  that  need  an  improved 
riding  surface  but  have  a sound  pavement  structure.  Structural  overlays  vary 
in  thickness  to  meet  the  AASHTO  design  parameter  requirements. 

Unpaved  Roads  - All  county  roads  in  Clark  County  are  paved.  However,  the 
CSH  is  also  the  County  Highway  Superintendent  for  a smaller  neighboring 
county,  Cumberland  County.  Approximately  35  of  Cumberland  County's  70  miles 
of  roads  are  unpaved. 

When  there  is  sufficient  moisture,  Cumberland  County's  unpaved  roads  are 
dragged  or  bladed  to  maintain  a smooth  surface.  When  needed,  surface  course 
material  is  added  as  available  funds  permit.  Calcium  chloride  has  been  used 
for  dust  control  and  to  control  the  loss  of  fines. 

Criteria  used  in  deciding  to  pave  unpaved  roads  are  traffic,  availability 
of  funds,  accessibility,  length  of  trips  and  acceptability  to  the  board. 

Intergovernmental  Cooperation  - All  local  agencies  in  Clark  County 
cooperate  in  purchasing,  and  this  cooperation  is  coordinated  by  the  CSH. 

Gravel  base,  tires,  grader  blades,  asphalt,  and  culvert  pipe  are  examples  of 
materials  that  townships,  cities,  villages  and  the  park  district  cooperate 
with  the  county  to  purchase.  About  90  percent  of  these  items  purchased  by  the 
named  entities  are  purchased  cooperatively  at  a savings  of  about  30  percent. 

Equipment  is  not  purchased  jointly;  but  in  arranging  for  purchases,  the 

anticipated  needs  of  others  are  considered.  In  following  this  procedure  a 

better  price  for  equipment  may  be  obtained;  for  instance,  a township  may 

purchase  a motor  grader  at  the  same  time  as  the  county. 
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Ownership  and  maintenance  of  equipment  is  by  each  individual  agency. 

With  the  approval  of  other  agencies,  the  CSH  schedules  the  use  of  equipment 
such  as  motor  graders  and  trucks  to  serve  the  best  interests  of  the  various 
units.  At  the  end  of  the  year  an  equalization  payment  is  made  by  the  various 
units  as  required.  Under  this  system  each  agency  maintains  its  individuality, 
but  works  cooperatively  as  a unit,  thereby  giving  each  locality  in  the  county 
the  opportunity  to  determine  its  own  needs  and  the  degree  of  improvement  for 
which  it  is  willing  to  raise  the  funds  by  local  taxation. 

The  county  enters  into  joint  maintenance  agreements  with  both  the  state 
and  other  agencies.  Some  cooperative  operations  are  ditching  and  other 
drainage  improvements,  base  stabilization,  recycling  and  sealing.  The  county 
quarries  and  furnishes  gravel  and  bituminous  stabilized  gravel  at  cost.  The 
state  stripes  for  the  county,  and  the  county  does  some  other  items  for  other 
agencies. 

Reimbursement  agreements  are  usually  on  a unit  price  basis  for  material 
used  or  an  agreed  price  for  work  done.  There  is  usually  an  annual 
understanding  between  local  agencies  based  on  a prior  written  agreement. 

There  are  written  agreements  with  the  state.  Local  agencies  have  joint 
venture  agreements  that  may  be  used  to  the  extent  desired. 

The  CSH  is  extremely  active  in  formal  and  informal  organizations  for 
training  and  technology  transfer.  In  1983,  the  present  CSH  received  the  award 
for  distinguished  service  from  the  National  Association  of  County  Engineers 
(NACE).  Township  corranissi oners  are  trained  by  County  Superintendents  of 
Highways  and  the  state  without  cost  to  the  townships.  The  Clark  County  CSH 
has  found  that  to  attract  township  commissioners  to  attend  sessions  it  is 
necessary  to  feed  them,  have  the  training  session  in  the  local  area,  and  have 
it  free  of  charge.  Training  includes  budgeting,  maintenance,  equipment 
maintenance,  road  and  bridge  law,  and  liability  procedures.  Both  the  CSH  and 
township  commissioners  organizations  promote  training,  and  two  training 
programs  a year  are  held  in  Clark  County.  All  township  officials  are  included 
because  they  are  involved  in  budgeting,  levying  taxes,  approval  of 
expenditures,  and  selling  programs  to  constituents.  For  many  years  the  CSH 
has  been  active  in  the  National  Association  of  County  Engineers  (NACE),  the 
American  Road  and  Transportation  Builders  Association  (ARTBA)  and  in  promoting 
legislation  beneficial  to  county  highway  programs.  For  about  20  years  the  CSH 
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has  been  on  the  Technical  Advisory  Committee  of  the  Illinois  Transportation 
Study  Commission,  and  he  is  also  active  in  the  Transportation  Research  Board 
(TRB). 

There  is  an  Illinois  Association  of  County  Superintendents  of  Highways 
with  a comprehensive  committee.  The  Clark  County  CSH  is  active  in  this 
organization  and  serves  on  several  committees.  The  association  is  one  of  the 
sponsors  of  a Transportation  and  Highway  Engineering  Conference  held  annually 
at  the  University  of  Illinois. 

Conclusion  - Clark  County  is  an  example  of  good  pavement  management 
practices  in  a rural  county,  without  a formal  system.  Clark  County  performs 
structural  evaluations  of  its  pavements  and  uses  a rational  structural 
thickness  design  procedure  for  overlays.  Clark  County  frequently  uses 
recycled  pavements  as  base  courses.  A high  priority  is  placed  on  keeping 
structurally  sound  surfaces  in  good  condition  through  preventive  maintenance 
(sealing).  The  condition  of  the  road  network  is  assessed  annually,  in  the 
springtime  so  that  the  worst  condition  is  observed.  Clark  County  uses  many 
cost  effective  practices  for  obtaining  equipment  and  materials  in  cooperation 
with  other  local  governments. 

Although  Clark  County  uses  many  sound  surface  management  practices,  it  is 
perhaps  too  dependent  upon  the  experience  and  knowledge  of  one  man.  If,  for 
instance,  the  condition  rating  procedure  used  a standard  form  with  set 
definitions  and  measurement  procedures  for  pavement  distress,  the  performance 
of  road  surfaces  could  be  tracked  over  time  and  evaluations  could  be  continued 
in  a consistent  manner  upon  departure  of  the  CSH.  A formal  pavement 
management  system  would  probably  not  result  in  dramatic  differences  in  the  way 
pavements  are  managed  in  local  governments  that  have  experienced  engineers 
such  as  in  Clark  County.  A formal  system  would,  however,  make  communication 
with  political  supervisors  and  the  public  more  convincing  and  would  ensure 
continuity  and  consistency  in  management  approach. 

For  more  information  contact: 


Mr.  E.  J.  Huffington,  P.E. 

County  Superintendent  of  Highways 
Box  126 

Marshall,  Illinois  62441 
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Douglas  County,  Kansas 


Douglas  County.  Kansas,  population  64,000  Is  located  in  eastern  Kansas, 
between  Topeka  and  Kansas  City.  The  county  seat  of  Douglas  County  Is 
Lawrence,  population  50,000. 

The  Douglas  County  Public  Works  Department  consists  of  a county  engineer 
with  an  administrative  staff  and  one  superintendent,  who  supervises  a shop 
foreman,  a road  foreman  and  a bridge  foreman.  The  shop  foreman  has  two 
permanently  assigned  mechanics.  Otherwise,  the  field  staff  of  approximately 
15  personnel  are  assigned  among  the  three  foremen  as  workloads  dictate. 

The  county  is  governed  by  a board  of  three  commissioners,  who  do  not  have 
functional  jurisdictions. 

Douglas  County  has  nine  townships,  which  are  responsible  for  the 
maintenance  for  local  access  roads.  The  county  is  responsible  for  all 
township  road  drainage  structures  on  streams  requiring  waterway  openings  of  25 
square  feet  or  greater. 

The  county  is  responsible  for  216  miles  of  road.  Most  of  the  county 
roads  are  classified  rural  collectors.  The  following  are  the  predominate 
surface  types: 
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Asphalt  Concrete 

Roads 

- 10 

mi 

les 

Sealed  Roads 

- 152 

mi 

les 

Rock  Roads 

- 50 

mi 

les 

Subdivision  Roads 

(sealed) 

4 

mi 

les 

216 

mi 

les 

Road  Inventory  - Douglas  County  is  in  the  process  of  establishing  a 
formal  road  inventory.  Sections  with  like  design  features  for  cross  section, 
drainage,  right  of  way,  and  pavement  thickness  are  being  catalogued  for  use  in 
the  maintenance  management  reporting  procedure.  Inventory  information  is  also 
maintained  on  a system  of  maps  that  show  the  sealing  history  of  each  roadway 
section  since  1978. 

Condition  Assessment  - The  county  engineer  and  the  superintendent  perform 
an  annual  tour  of  the  network  to  determine  which  roads  will  be  repaired  and 
sealed  in  the  coming  budget  year.  Roads  that  show  surface  irregularities, 
alligatoring  and  signs  of  moisture  distress  generally  become  candidates.  The 
engineer's  and  superintendent's  knowledge  of  maintenance  and  service 
performance  is  also  included  in  the  evaluations.  Candidate  sections  are 
marked  on  a map,  with  no  numerical  ratings.  This  tour  usually  takes  two  days 
to  complete. 

Strategy  and  Priority  Selection  - The  primary  strategies  for  sealed  roads 
are  a reseal  or  a rehabilitation.  Overlays  are  not  used.  Rehabilitation 
projects  are  generally  considered  on  higher  volume  roads  that  are  a part  of  a 
larger  capacity  improvement  project  and  are  not  a routine  strategy. 

Priorities  are  established  by  a subjective  evaluation  of  condition  during 
the  annual  tour  of  the  network.  Traffic  volumes  are  also  taken  into  account. 

A record  of  complaints  (including  unreported  accidents)  is  maintained  but  this 
is  a rather  minor  factor;  although  it  is  somewhat  more  important  on  unpaved 
roads.  An  accident  file  and  map  is  maintained  and  also  evaluated  when 
establishing  priorities. 

The  sealing  program  is  becoming  the  driving  factor  in  programming  all 
major  maintenance  activities.  When  the  coming  year's  sealing  program  is 
established,  then  maintenance  crews  will  be  scheduled  for  clearing  brush, 
cleaning  ditches  and  drainage  structures,  upgrading  signing,  and  working 
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shoulders  on  those  sections  to  be  sealed.  After  the  seal  is  completed  and 
pavement  markings  placed,  the  road  has  been  completely  reconditioned. 

Life-cycle  costing  is  not  used  by  the  county  engineer  in  establishing 
priorities  although  he  feels  it  may  be  useful  for  the  marginal  projects.  The 
county  has  recently  established  a maintenance  management  information  system 
which  will  be  helpful  in  this  regard.  The  maintenance  management  system 
tracks  equipment,  labor,  and  material  costs,  by  roadway  section  and  activity. 
Figure  18  illustrates  a sample  report  from  this  system  that  was  developed 
internally  by  the  county.  Initial  cost  data  collected  by  the  system  shows 
that  the  county  is  paying  more  to  maintain  some  unpaved  roads  than  some  paved 
roads . 

Programming  and  Budgeting  - Five  years  is  the  normal  programming  cycle 
for  capital  improvements.  Specific  capital  improvement  projects  are 
identified  in  the  5-year  program.  Specific  projects  are  not  identified  for 
the  sealing  program.  Experience  has  shown  that  40  to  50  miles  of  sealing  is 
usually  sufficient. 

The  county  budget  is  by  object  code  and  program.  The  budget  is  rather 
general  in  nature  concerning  specific  work  locations.  However,  the  county 
engineer  has  emphasized  the  use  of  the  budget  as  a planning  tool  and  has  tried 
to  be  as  specific  as  possible  concerning  activities.  This  communicates  his 
recommended  annual  program  to  the  board.  The  engineer  then  considers  the 
approved  budget  to  be  sufficient  authority  to  begin  implementation  of  the 
recommended  activities. 

Most  of  the  county  routes  are  on  the  Federal -aid  Secondary  System. 

Douglas  County  has  been  successful  in  utilizing  available  federal  funds  to  the 
point  that  they  are  able  to  use  the  pool  of  unused  federal  funds  available  to 
other  counties  in  Kansas  that  are  in  danger  of  lapsing.  The  county  has  been 
able  to  do  this  by  having  a sufficient  backlog  of  project  plans  "on  the  shelf" 
and  by  aggressively  pursuing  the  available  funds. 

Federal-aid  projects  usually  require  a two  to  four  year  lead  time. 
Non-federal  aid  projects  similar  in  scope  require  three  to  six  months.  There 
are  currently  20  active  federal-aid  projects  in  various  stages,  from 
preliminary  design  to  final  construction  acceptance. 
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FIGURE  18  - EXAMPLE  MAINTENANCE  MANAGEMENT  REPORT 


ACTIVITY 

10 

3LA0ING  L GRADING 

24 

T.,0  LmNE 

MILES 

TOTAL  MATERIAL 

S.uO 

15.50 

total  enp-  hours 

$122. T4 

20.50 

TOTAL  EGP  HOURS 

il89.90 

ACTIVITY  TOTAL 

$312.64 

AJRK 

570.05  TON  ( JTY  uSEiOJ 

$1,712.85 

COST 

ACTIVITY 

11 

ROCK  SURFACE  REPAIR 

2 

Two  lane 

miles 

TOTAL  , 'MATERIAL 

il. 712.35 

<►0.00 

total  emp  hours 

$235.76 

<►4.3  0 

TOTAL  E-<P  hours 

$311.23 

ACTIVITY  TOTAL 

$2,509.34 

ACTIVITY 

13 

MOW  1 NU 

40 

ACRES 

TOTAL  MATERIAL 

$.00 

45.00 

total  emp  hours 

$243.85 

49.00 

total  eqp  hours 

$250.61 

ACTIVITY  total 

$494.46 

RWTOTLST- 

PROJECT 

PU3LIC  WORKS 

TOTAL 

LIST 

12/27/83 

total  material 

$1,712.35 

100.50 

total  emp  hours 

$652.35 

114.00 

total  EJP  hOUkS 

$951.74 

PROJECT  total 

$3,316.94 
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Methods  of  Performing  Activities  - Crack  sealing  is  performed  on  about  10 
miles  of  AC  roads  using  all  in-house  resources.  Some  patching  is  performed, 
also  using  all  in-house  personnel. 

Sealing  consists  of  chip  and  seal.  One  contract  is  awarded  annually, 
with  a unit  price  for  emulsion  delivered  and  applied  and  a unit  price  for 
spreading  the  rock.  The  county  delivers  the  rock  and  performs  surface 
preparation.  Approximately  40  miles  of  road  are  sealed  annually  during  a 
2-week  period.  The  county  has  considered  performing  all  the  work  in-house  but 
has  reached  the  conclusion  that  it  would  not  be  worth  the  investment  necessary 
for  equipment.  Figures  19  and  20  are  extracts  from  the  county's  1983  sealing 
contract. 

FIGURE  19-  EXAMPLE  SEALWG  CONTRACT 


DOUGLAS  COUNTY  PUBLIC  WORKS  DEPARTMENT 
REQUEST  FOR  QUOTE  - CONTRACT 
1983  ASPHALT  SEALING 


QUOTATIONS  SHALL  BE  SUBMITTED  ON  THIS  FORM. 


The  Douglas  County  Public  Works  Department  is  accepting  quotations 
for  maintenance  sealing  at  several  locations  in  Douglas  County  during 
the  1983  season.  Work  is  expected  to  begin  in  mid-June. 

Quotations  will  be  received  at  the  Office  of  the  Director  of  Public 
Works  until  April  22 , 1983. 

Attached  map  indicates  probable  location  of  sealing  work.  Grades  of 
asphalt  to  be  used  will  be  Kansas  Std.  Spec,  for  State  Road  Si  Bridge 
Construction,  Edition  1980,  CRS- IH . 

Whenever  possible,  Douglas  County  will  have  areas  prepared  and  ready 
for  at  least  5,000  gallon  shot  per  day.  Douglas  County  will  furnish 
the  contractor  with  Sales  Tax  Exemption  Certificate  for  materials 
purchased  and  incorporated  in  this  work  if  there  is  sufficient  time 
to  obtain  same  before  work  is  begun.  All  preparation,  patching  and 
brooming  will  be  done  by  Douglas  County.  Aggregate  chips  will  be 
purchased  and  hauled  to  chip  spreader  by  Douglas  County.  Traffic 
control,  signs,  etc.,  will  be  the  responsibility  of  Douglas  County. 
Contractor  to  furnish  and  pay  for  all  liquid  asphalt.  Contractor  to 
furnish  oil  heater,  distributor,  and  self-propelled  chip  spreader,  all 
completely  maintained  and  operated  by  competent  personnel.  All  wages, 
payroll  taxes,  insurance  and  benefits  for  Contractor's  employees  will 
be  paid  by  Contractor.  Quantities  of  materials  used  and  measurement 
for  payment  will  be  kept  by  both  parties  and  agreed  upon  once  each 
month.  Contractor  shall  hold  Douglas  County  harmless  for  injury  or 
damage  caused  or  incurred  by  Contractor  in  prosecution  of  this  contract. 
Douglas  County  summer  work  schedule  will  be  Monday  through  Thursday,  • 
7:00  A.M.  to  5:00  P.M. 
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Distressed  areas  are  skin  patched  using  a hot -mixed  AC  prior  to  sealing. 
The  AC  is  laid  using  a county-owned  laydown  machine.  The  AC  is  placed  to 
repair  alligatored  areas  and  as  a leveling  course.  If  the  original  surface  is 
badly  deteriorated,  the  county  will  scarify  the  original  seal  and  recompact  it 
as  a base  for  a new  seal.  The  sealing  program  is  considered  preventive- -roads 
must  be  in  relatively  good  shape. 

The  first  and  second  seals  are  usually  performed  using  cut  back  asphalt 
to  facilitate  penetration  into  the  base.  Subsequent  seals  use  emulsions.  The 
typical  procedure  is  to  prime  before  the  first  seal,  then  reseal  the  next 
year.  Only  rubber  tired  rollers  are  used  to  compact  seals.  Initially  there 
were  problems  with  emulsions  but  once  the  contractors  learned  to  use  the 
material  the  results  have  been  excellent.  There  is  little  evidence  of  either 
aggregate  "whip-off"  or  bleeding  on  sealed  roads.  Prior  to  using  emulsions 
the  county  used  cutbacks  and  dirty  aggregate.  Since  using  emulsions  and 
better  quality  aggregates  the  life  cycle  of  seals  has  been  extended  from  2 to 
3 years  to  3 to  5 years.  With  hot-mixed  patching  and  careful  attention  to 
drainage,  the  county  hopes  to  begin  getting  a 5 to  7 year  life  cycle. 

FIGURE  20"  EXAMPLE  SEALING  CONTRACT 


1983  ASPHALT  SEALING 

ROUTE  NO. 

MILES 

TONS  AGG. (147  T. /mi . ) 

Gals.  CRS-IH 

Asph.  Rate 

1023  N. 

2.5 

367.5 

10,560 

.30 

1023  S. 

1 . 3 

191.1 

5 , 491 

. 30 

1029  N. 

3 . 5 

514.5 

18,234 

. 37 

1029  S. 

7.5 

1 , 102 . 5 

39,072 

.37 

10 

1 . 0 

147.0 

5 ,210 

. 37 

1 

0.5 

73.5 

2,605 

. 37 

1 E. 

3.0 

441 . 0 

15,629 

. 37 

458 

1.5 

220.5 

7 , 814 

. 37 

1039 

2.5 

367.5 

13 ,024 

. 37 

11 

0.5 

73 . 5 

2,605 

. 37 

1055 

2.0 

294 . 0 

10,419 

. 37 

460 

5.0 

735.0 

26 , 048 

. 37 

1061 

7.0 

1,029.0 

36,467 

. 37 

TOTALS 

37.8 

5,556.6 

193 ,178 

Rates  indicated  on  this  sheet  are  based  on  expected  gradations 
conditions.  Douglas  County  may  revise  rates  of  application  as 
warrant . 

and  surface 
conditions 
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Generally  the  county  does  not  construct  AC  overlays  because  the  engineer 
does  not  feel  the  average  road  has  the  structural  capability  to  justify  the 
expense.  The  county  is  planning  three  federal-aid  overlay  projects  in  the 
near  future.  Recycling  is  not  performed. 

The  county  frequently  places  underdrains  in  areas  that  show  signs  of 
moisture  related  distress.  Underdrains  are  placed  only  under  sealed 
surfaces—not  unpaved  roads.  This  activity  appears  to  be  quite  effective. 

Fog  or  "dilute"  seals  are  applied  to  AC  surfaces  that  are  structurally 
sound  but  show  signs  of  oxidation.  Dilute  seals  consist  of  90  percent  water 
and  10  percent  emulsion.  Dilute  seals  are  sometimes  also  applied  to 
shoulders.  This  procedure  helps  to  stabilize  shoulders  while  saving  the 
expense  of  applying  chip  and  seal. 

Unpaved  Roads  - There  are  approximately  50  miles  of  unpaved,  or 
aggregate,  roads  in  Douglas  County.  Figure  21  is  the  standard  cross  section 
for  unpaved  roads  in  Douglas  County.  When  unpaved  roads  are  sealed  a grading 
project  is  included  to  build  a base  (usually  8 inches)  and  improve  drainage 
before  paving. 

Routine  maintenance  of  unpaved  roads  includes  blading  and  the  addition  of 
new  aggregate.  Frequency  of  blading  depends  upon  traffic  and  moisture 
conditions  and  varies  from  once  a week  to  once  a month.  Blading  is  not 
attempted  when  the  surface  is  dry. 

Rock  is  usually  added  in  the  spring  and  in  the  fall  seasons.  Individual 
roads  have  rock  added  on  an  average  of  once  every  two  years,  depending  upon 
traffic  and  surface  conditions.  Following  dry  periods  it  is  necessary  to  add 
rock  more  frequently.  When  some  clay  is  present  the  rock  will  bind  and 
require  less  frequent  additions.  The  basic  criteria  for  adding  rock  is 
whenever  the  road  gets  "muddy."  About  1 1/2  inches  is  usually  added— just 
enough  for  the  grader  operator  to  work.  The  new  aggregate  is  mixed  with 
existing  surface  material  and  spread  on  the  surface— no  attempt  is  made  to 
roll  the  surface. 

Distress  types  in  unpaved  roads  include: 

• Corrugations— some,  but  not  excessive 
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FIGURE  21  “ STANDARD  FOR  UNPAVED  ROADS 
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• "Soft  spots"  and  potholes — where  the  cover  material  is  thin  or 
nonexistent,  where  water  stands,  where  grader  "scalps"  the  surface  at 
the  top  of  hills,  and  at  bridge  approaches. 

• Rutting 

• Secondary  ditches  usually  caused  by  vegetation  blockage  along  edge  of 
shoulder 

• Dust 

Liquid  calcium  chloride  has  been  used  as  a dust  pallative  and 
stabilization  agent  on  unpaved  roads.  Generally,  the  results  have  been 
favorable.  The  county  has  tried  an  emulsion  and  water  treatment  that  held  the 
dust  for  about  three  days — this  was  generally  not  worth  the  effort. 

The  county  is  in  the  second  year  of  a program  whereby  adjacent  landowners 
can  request  a liquid  calcium  chloride  treatment  for  a charge  of  50  cents  per 
linear  foot.  The  county  administers  the  contract.  The  experience  indicates 
rather  good  results  and  fair  participation  (about  24  landowners  last  year). 

The  charge  offsets  the  contract  costs.  Roads  treated  with  liquid  calcium 
chloride  usually  do  not  have  to  be  bladed  during  an  entire  summer  season. 

The  county  has  found  that  snow  removal  directly  effects  unpaved  road 
surface  performance.  Where  snow  has  been  removed  promptly  on  unpaved  roads, 
the  melting  snow  does  not  saturate  the  surface  and  there  is  much  less  distress. 

Intergovernmental  Cooperation  - The  county  provides  engineering  services 
to  townships — staking  right  of  way,  drainage  investigations,  and  traffic 
control  problems.  This  service  is  limited  by  the  capabilities  within  the 
county. 

The  engineer  works  closely  with  township  boards  and  hosts  an  annual 
dinner  meeting  of  all  the  boards  to  discuss  the  next  year's  improvement  and 
snow  removal  programs. 

The  county  has  worked  closely  with  the  University  of  Kansas,  located  in 
Lawrence.  The  county  has  provided  real  world  problems  for  civil  engineering 
class  projects  that  mutually  benefit  both  parties. 
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Conclusion  - Douglas  County  does  not  have  a formal  surface  management 
system,  but  is  an  excellent  example  of  many  good  surface  management 
practices.  Foremost  is  a close  adherence  to  sound  pavement  engineering. 
Drainage,  in  terms  of  both  cross  section  and  subdrainage,  is  stressed.  The 
county  pursues  an  aggressive  sealing  program  that  includes  repairing  or 
reworking  the  original  surface,  as  necessary,  and  close  quality  control.  As  a 
result  of  close  attention  to  detail,  the  county  gets  excellent  performance 
from  its  seals.  Unpaved  roads  are  maintained  in  an  aggressive  fashion  with 
good  performance  results.  Unpaved  roads  are  also  upgraded  extensively  prior 
to  sealing.  Finally,  the  maintenance  management  information  system  installed 
by  the  county  will  provide  excellent  cost  data  on  which  to  base  sound 
management  decisions. 

If  Douglas  County  had  more  formal  inventory  and  condition  assessment 
techniques  the  surface  management  procedure  would  probably  yield  more 
consistent  results,  and  requirements  would  be  more  defensible. 

For  more  information  contact: 


Director  of  Public  Works 
Court  House 

Lawrence,  Kansas  66044 
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Jamestown,  New  York 


Jamestown,  NY  is  a city  with  a population  of  36,000  in  Chautauqua  County, 
the  most  southwesterly  county  in  the  state  of  New  York.  The  Chadakoin  River, 
which  is  the  outlet  for  Lake  Chautauqua,  flows  through  the  city.  A number  of 
streets  are  on  rather  steep  grades  draining  to  the  river. 

In  the  Department  of  Public  Works  (OPW),  61  employees  are  involved  in 
street  construction  and  maintenance.  The  Assistant  Director  of  Public  Works, 
the  two  civil  engineering  assistants,  the  junior  engineer  and  the  draftsman 
work  as  staff  for  the  Director  of  Public  Works.  These  six  people  do  all  the 
field  inspection  for  the  DPW. 

Jamestown  has  152  miles  of  streets,  121  miles  paved  and  31  miles  surface 
treated.  Of  the  121  miles  of  paved  streets  in  Jamestown,  71  miles  have  an 
asphalt  surface,  48  miles  have  brick  exposed,  and  2 miles  are  Portland  cement 
concrete  pavement. 

The  152  miles  of  streets  in  Jamestown  are  classified  as  follows: 


Class 

Miles 

State  Arterials 

6.0 

County  Thoroughfares 

3.8 

City  Thoroughfares 

8.2 

Residential 

134.0 

Total 

152.0 
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All  streets  in  Jamestown  are  maintained  by  the  city.  Both  the  state  and 
the  county  reimburse  the  city  for  maintaining  streets  under  their 
jurisdictions. 

More  than  60  percent  of  the  original  pavements  are  over  50  years  old. 
Frost  penetrates  to  great  depths  and  reached  10  feet  one  winter.  Old  steel 
water  mains  and  gas  lines  are  leaking  and  causing  many  problems.  The  old 
steel  water  mains  are  being  replaced  with  plastic  pipes.  Some  are  inserted 
into  the  old  steel  conduits  and  some  are  laid  separately.  During  the  last 
year  as  many  as  eight  gas  company  crews  were  working  on  Jamestown  streets  at 
one  time.  Whenever  possible,  water  and  gas  lines  are  being  replaced  behind 
curbs  or  sidewalks  to  avoid  street  disruptions. 

Street  Inventory  - The  city  is  working  toward  computerizing  its  street 
inventory.  Work  is  in  progress  to  compile  input  data.  Each  block  of  each 
street  in  the  city  is  being  recorded  on  a form  showing  the  date  the  block  of 
the  street  was  constructed,  the  date  the  City  Council  took  formal  action  to 
accept  the  street  for  maintenance,  type  of  surfaces  (original  construction), 
length,  width,  and  sanitary  and  storm  sewer  facilities  in  the  block.  Figure 
22  is  a sample  inventory  form.  Each  block  has  a map  number  and  space  is 
provided  on  the  form  to  show  changes  in  surface  type. 

Four  people  are  gathering  the  data  on  streets  as  time  permits.  Their 
effort  amounts  to  about  12  man-months  per  year,  or  the  equivalent  of  one 
full-time  employee.  In  the  spring,  three  people  spend  two  weeks  inventorying 
streets.  The  director  of  the  DPW  personally  participates  as  much  as  possible 
in  inspecting  streets  and  compiling  data.  It  is  estimated  that  four 
man-months  per  year  are  expended  getting  field  data  for  records.  In  addition 
to  the  field  work,  eight  man-months  per  year  are  devoted  to  searching 
historical  documents  and  completing  historical  records. 

Condition  Assessment  - Condition  assessments  are  made  visually.  A 
numerical  rating  is  not  used.  The  director  of  the  DPW  assigns  priorities 
based  on  experience.  The  director  and  two  employees  in  the  DPW  spend  about  a 
month  each  year  on  condition  surveys.  The  entire  street  system  is  inspected 
each  year  to  assess  conditions  and  determine  priorities  of  work  needed. 
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-IGURE  22  - SAMPLE  INVENTORY  FORM 


Strategy  and  Priority  Selection  - The  types  of  work  to  be  done  are 
considered  block  by  block.  Emergency  pothole  patching  has  to  be  done  as 
situations  demand.  Potholes  are  also  filled  prior  to  machine  patching.  If  a 
street  will  serve  for  another  year  with  only  crack  sealing,  this  is  done 
either  by  hand  or  by  machine,  depending  on  the  prevalence  of  cracking.  If 
surface  distress  indicates  more  serious  deteriorat ion  is  likely  within  a year, 
a surface  treatment  may  be  specified.  When  base  problems  are  evident,  the 
street  is  reconstructed,  funds  permitting. 
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If  the  money  were  available,  the  streets  presently  in  need  of 
reconstruction  would  be  rebuilt  immediately.  Since  the  financing  is  not 
sufficient  for  an  extensive  reconstruction  program,  the  strategy  selected  is 
intended  to  be  the  most  cost-effective  that  can  be  financed. 

The  strategy  selection  is  based  on  experience,  and  there  is  no  formal 
system  in  use  to  evaluate  alternatives.  Life-cycle  cost  analysis  is  not  used 
as  a formalized  and  systematic  procedure.  It  is  planned,  however,  to  use 
life-cycle  cost  analysis  on  streets  being  reconstructed, 

A new  asphalt  pavement  is  considered  to  have  a life  of  15  to  20  years;  a 
street  milled  and  overlaid  with  hot  mix  asphalt  concrete  2 inches  thick  a life 
of  ten  or  more  years;  a 1 1/4-inch  overlay  a life  of  five  to  seven  years;  and 
a surface  treatment  a life  of  three  years  or  less  if  traffic  is  heavy.  These 
lengths  of  time,  based  on  experience  and  proven  to  be  reliable,  are  the 
serviceable  lives  before  additional  treatment,  overlay  or  reconstruction  is 
required.  There  is  no  documentation  to  support  these  lengths  of  service  at 
this  time.  It  is  hoped  to  firmly  establish  life  cycles  as  accurate  data  is 
collected. 

Thoroughfares  are  given  higher  priorities  than  residential  streets,  and 
streets  with  the  higher  traffic  volumes  are  patched  first.  Now  that  traffic 
is  increasing  on  all  streets,  attention  is  given  on  the  basis  of  requests  or 
complaints. 

Programming  and  Budgeting  - A six  year  capital  budget  is  revised 
annually.  In  the  planning  stage  the  total  infrastructure  is  considered.  If 
the  inf rastructure  is  to  be  restored  every  30  years,  20  percent  of  the  work 
should  be  done  in  each  six  year  period,  or  3 1/3  percent  per  year.  About  one 
quarter  of  the  work  necessary  to  upgrade  the  inf rastructure  in  30  years,  or 
less  than  one  percent  per  year  is  currently  funded.  Street  reconstruction  is 
at  the  rate  of  about  one  mile  per  year,  or  about  2/3  of  1 percent  of  the 
system.  Four  miles  of  street  reconstruction  should  be  performed  each  year, 
but  funds  are  not  available.  Most  Jamestown  streets  are  pre-World  War  II 
vintage  and  are,  therefore,  in  the  range  of  consideration  for  reconstruction. 
The  6 year  program  is  formalized,  but  the  30  year  requirements  are  based  on 
judgment.  Five  miles  of  reconstruction  a year  would  be  required  to  replace 
the  entire  system  in  30  years,  but  some  streets  would  last  longer.  The  30 
years  time  and  four  miles  per  year  reconstruction  are  judgment  figures. 
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Projects  for  6 years  are  designated,  but  only  the  projects  and  strategies 
for  the  first  year  are  identified  in  the  budget.  The  number  of  dollars  based 
on  specific  strategies  required  for  each  of  the  six  years  are  calculated 
without  including  any  increases  for  inflation.  All  estimates  are  on  the  basis 
of  current  dollars. 

Normally,  both  capital  improvement  and  maintenance  budgets  are  increased 
by  a selected  percentage  each  year,  and  the  program  is  tailored  to  fit  the 
available  money.  The  DPW  gives  a fair  estimate  for  the  budget,  the 
comptroller  wants  justification,  and  the  budget  committee  adjusts  requested 
amounts  to  keep  taxes  in  line.  The  director  of  the  DPW  uses  his  judgment  on 
funding  and  manpower  requirements  in  submitting  budget  requests.  The  DPW 
wants  to  do  all  of  its  own  work,  with  the  exception  of  concrete  items,  and 
plans  to  keep  employees  fully  employed  with  some  overtime. 

Methods  of  Performing  Work  - Reconstruction  of  base  and  pavement,  curb 
and  gutter  replacement,  sidewalk  replacement,  and  storm  sewer  replacement  are 
capital  improvements.  When  the  pavement  in  a block  cannot  be  restored  to  a 
satisfactory  condition  by  sealing,  patching,  or  resurfacing,  one  of  two 
methods  of  rehabilitation  is  used.  The  base  and  pavement  are  removed  and  the 
block  is  completely  reconstructed,  or  the  pavement  is  milled  to  a 3-inch  depth 
and  2 inches  of  hot  mix  asphalt  concrete  are  placed.  The  standard  resurfacing 
is  1 1/4  inches  thick  and  is  considered  to  be  maintenance.  The  division 
between  construction  and  maintenance  of  pavements  is  clear-cut  in  that 
construction  is  complete  regrading  and  replacement  of  base  and  pavement,  or 
the  existing  pavement  is  milled  and  a new  2-inch  thick  asphalt  concrete 
pavement  is  placed. 

Crack  sealing  is  done  by  hand  or  as  part  of  machine  patching  as  described 
below.  Sealing  is  one  or  two  applications  of  liquid  asphalt  (emulsified 
asphalts  are  used)  covered  with  stone  or  slag.  Machine  patching  is  an  overlay 
of  hot-mix  asphalt  concrete  3/4-inch  thick  and  placed  with  an  asphalt  paver. 

Overlays  are  1 1/4  inch  thick  hot  mix  asphalt  concrete.  Recycling 
consists  of  milling  to  a 3-inch  depth  and  placing  hot  mix  asphalt  concrete  2 
inches  thick.  Recycling  and  reconstruction  are  capital  budget  items.  For 
recycling,  a milling  machine  with  operator  is  rented.  The  milling  is 
considered  to  be  work  done  under  contract.  The  city  has  four  streets  paved 
with  Portland  cement  concrete,  and  does  not  do  any  concrete  work  with  its  own 
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forces.  Curb  and  gutter,  sidewalks,  driveways,  inlet  boxes,  and  other 
concrete  items  are  let  to  contract. 

Local  distress  in  brick  pavement  is  repaired  with  brick,  when 
economical.  Base  repairs  to  remedy  the  defect  are  made.  If  the  brick 
pavement  is  generally  deformed,  indicating  base  problems,  reconstruction  is 
the  selected  alternative.  Formerly,  brick  pavements  were  overlaid  with  1 
1/4-inch  thick  hot  mix  asphalt  concrete.  There  are  now  many  areas  where 
portions  of  the  overlay  have  failed,  and  this  procedure  has  been  abandoned 
with  one  exception.  The  exception  is  a distressed  brick  pavement  that  can 
suffice  another  year  with  an  overlay.  This  is  a stop-gap  measure  resorted  to 
only  when  the  lack  of  funds  prohibits  reconstruction. 

The  life  of  an  asphalt  pavement  may  be  extended  10  to  15  years  with 
surface  treatments  (seals)  and  overlays.  Eventually,  patching  potholes, 
sealing,  and  overlaying  asphalt  pavements  does  not  suffice.  At  that  point 
Jamestown  resorts  to  milling  and  overlaying  or  to  reconstructing. 

When  the  problem  with  an  asphalt  pavement  is  a surface  defect  such  as 
rippling,  milling  and  overlaying  may  be  the  preferred  alternative. 

Jamestown's  standard  in  such  a case  is  to  mill  off  the  surface  to  a depth  of  3 
inches  and  place  a 2-inch  thick,  dense  hot-mix  asphalt  concrete  surface. 

Overlays  generally  are  adequate  for  six  or  seven  years.  Surface 
treatments  (seals)  generally  are  adequate  for  three  to  five  years,  and  streets 
can  be  sealed  three  to  five  times. 

Milled  materials  are  stockpiled  and  used  for  patching  and  subbase.  The 
BOMAG  hot  mix  patcher  uses  milled  materials. 

Portland  cement  concrete  pavements  are  patched  with  asphalt.  If  the 
distress  is  severe,  the  entire  area  is  overlaid  with  asphalt. 

Potholes  in  surface  treated  areas  are  dug  out,  backfilled  with  crusher 
run  gravel  or  slag,  and  patched  with  hot-mix  asphalt  concrete  or  surface 
treated. 

Pavements  showing  general  wear  are  overlaid  with  3/4-inch  to  1-inch  thick 
hot-mix  asphalt  and  then  surface  treated.  Pavements  which  are  rough  and  under 
heavy  traffic  are  also  overlaid  and  surface  treated.  The  thin  overlays 
without  a surface  treatment  are  deemed  to  be  inadequate.  Thicker  overlays,  1 
1/2  inches  to  2 inches,  are  considered  to  be  too  costly.  The  goal  of  the  DPW 
is  to  extend  the  life  of  a pavement  until  it  is  absolutely  essential  to 
rebuild. 
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The  city  requires  developers  to  build  streets  with  12-inch  thick  slag  or 
gravel  bases,  unless  subbase  conditions  justify  less  thickness,  and  a 5-inch 
thick  asphalt  pavement  with  curb  and  gutter. 

Unpaved  Roads  - Jamestown  has  31  miles  classed  as  unpaved  which  are 
surface  treated.  Until  a few  years  ago  the  streets  presently  having  surface 
treated  surfaces  had  gravel  surfaces.  Each  year  about  one  half  of  the  gravel 
surfaced  streets  were  scarified,  reshaped  and  treated  with  road  oil.  Some  of 
the  streets  required  such  treatment  every  year.  The  cost  of  maintaining  the 
gravel  streets  was  considered  to  be  excessive,  as  road  oil  alone  for 
application  on  these  streets  cost  $50,000  to  $60,000  per  year. 

In  order  to  reduce  the  maintenance  costs,  the  existing  material  on  the 
gravel  streets  was  shaped,  compacted,  and  surface  treated.  The  city  still 
considers  these  streets  unpaved  because  no  attempt  has  been  made  to  construct 
an  adequate  base.  Nevertheless,  reworking  them  every  one  or  two  years  has 
been  eliminated.  Additional  surface  treatments  have  been  added,  and  some 
streets  have  had  as  many  as  six  seals.  It  is  planned  to  follow  the  present 
procedure  until  abutting  property  owners  petition  for  pavement.  At  that  time 
a hot  mix  asphalt  concrete  surface  will  be  provided  with  whatever  underlying 
construction  is  deemed  necessary  to  provide  a "paved  street." 

Intergovernmental  Cooperation  - The  city  buys  some  items,  such  as  tires, 
under  state  purchasing  contracts. 

The  city  buys  asphalt  and  salt  under  bids  taken  by  the  county  to  purchase 
these  items.  Jamestown  annually  purchases  about  10,0000  tons  of  hot-mix 
asphalt  concrete  and  5,000  tons  of  salt  at  bid  prices  received  by  the  county. 

The  asphalt  plant  in  Jamestown  is  privately  owned  and  has  a price 
agreement  with  the  county.  The  city  buys  under  this  contract  for  all  of  its 
hot  mix  asphalt  needs.  Purchases  by  the  city  are  made  during  the  entire  time 
the  plant  is  open  and  producing  each  year. 

The  city  enters  into  cooperative  agreements  with  other  agencies  to  rent 
equipment  complete  with  operators.  For  example,  the  city  does  striping  for 
the  county. 

Conclusion  - Jamestown  is  typical  of  many  small,  older  cities  with  an 
aging  street  network  and  limited  budgets.  Compounding  Jamestown's  problems 
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are  severe  frost  problems,  adverse  topography,  and  a large  percentage  of 
streets  that  are  brick  paved.  Jamestown  has  made  an  attempt  to  analyze  life 
expectancies  of  various  pavement  strategies  and  to  project  average  annual 
investment  requirements.  The  actual  expenditures  fall  far  short  of  the  needs, 
but  this  process  is  the  first  step  in  convincing  the  governing  board  and  the 
public  of  the  need  for  more  funds.  The  city  is  establishing  a simple  and 
usable  street  inventory  system.  Finally,  Jamestown  is  willing  to  try  new 
maintenance  and  repair  techniques.  The  city  is  actively  involved  in  milling 
and  recycling.  Preventive  maintenance  is  actively  pursued,  particularly  with 
crack  sealing  and  surface  treatments. 

A more  formal,  systematic  approach  to  pavement  management  would  help 
Jamestown  to  prioritize  the  overwhelming  needs.  In  such  a serious  situation, 
it  becomes  even  more  important  to  spend  the  available  dollars  where  they  will 
do  the  most  good.  Life-cycle  cost  analysis  can  be  particularly  helpful  when 
there  are  a wide  variety  of  alternative  strategies  with  dramatically  different 
funding  requirements. 

For  more  information  contact: 


Mr.  Jack  0.  Thompson,  P.E. 
Director  of  Public  Works 
Municipal  Building 
Jamestown,  New  York  14701 
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Services,  July  1981 

• Field  Maintenance  Manual  for  Georgia  Counties  Local  Roads  and  Streets, 
FHWA-TS-79-218,  August  1979. 

• Bituminous  Patching,  FHWA-TS-78-220,  May  1979. 

• Upgrading  Unpaved  Roads,  DOT  Technology  Sharing  Series,  September  1981 
Transportation  Research  Board 

TRB  publications  can  be  obtained  from: 

Transportation  Research  Board 
2101  Constitution  Avenue,  NW 
.Washington,  DC  20418 
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• Synthesis  76,  Collection  and  Use  of  Pavement  Condition  Data,  July  1981 

• Synthesis  77,  Evaluation  of  Pavement  Maintenance  Strategies,  September 
1981 

• NCHRP  Report  215,  Pavement  Management  System  Development,  November  1979 

• Special  Report  160,  A Pavement  Management  Concept  for  Low-Volume 
Roads,  1975 

Corps  of  Engineers 

• A Pothole  Primer,  Special  Report  81-21,  September  1981 

Cold  Regions  Research  and  Engineering  Laboratory 
Hanover,  New  Hampshire  03755 

• Pavement  Maintenance  Management  for  Roads  and  Parking  Lots,  Technical 
Report  M-294,  October  1981 

Construction  Engineering  Research  Laboratory 
Attn:  CERL-SOI 

P.O.  Box  4005 

Champaign,  Illinois  61820 
The  Asphalt  Institute 

A catalogue  of  Asphalt  Institute  publications,  with  order  forms  can  be 
obtained  from: 

The  Asphalt  Institute 
College  Park,  Maryland  20740 

• Asphalt  in  Pavement  Maintenance,  MS-16,  March  1983 

• Asphalt  Overlays  for  Highway  and  Street  Rehabilitation,  MS-17,  June 
1983 
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Pavement  Rehabilitation — Preparation  for  Asphalt  Overlays,  CL-5,  1974 


• A Simplified  Method  for  the  Design  of  Asphalt  Overlays  for 
Light-to-Medium  Traffic  Pavements,  IS-139 

• A Pavement  Rating  System  for  Low-Volume  Asphalt  Roads,  IS-169 

• Alternatives  in  Pavement  Maintenance,  Rehabilitation  and 
Reconstruction,  IS-178 

Portland  Cement  Association 


A publications  catalogue  and  order  form  can  be  obtained  from: 

Portland  Cement  Association 
5420  Old  Orchard  Road 
Skokie,  Illinois  60077-4321 

• Design  of  Concrete  Pavements  for  City  Streets,  IS  184P,  1974 

• Maintenance  of  Joints  and  Cracks  in  Concrete  Pavements,  IS  188P,  1976 

• Patching  Concrete  Pavement,  IS  189P,  1976 

• Thickness  Design  for  Residential  Streets,  MS  290P,  1981 

• Guide  to  Concrete  Resurfacing  Designs  and  Selection  Criteria,  EB  087, 
1981 

American  Society  of  State  Highway  and  Transportation  Officials 
AASHTO  publications  can  be  obtained  from: 

AASHTO 

444  North  Capitol  Street,  N.W. 

Suite  225 

Washington,  D.C.  20001 
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• Interim  Guide  for  Design  of  Pavement  Structures,  1972 


• Maintenance  Manual,  1976 
American  Public  Works  Association 


APWA  references  can  be  obtained  from: 

American  Public  Works  Association 
1313  East  60th  Street 
Chicago,  Illinois  60637 

• The  Hole  Story,  Facts  and  Fallacies  of  Potholes,  1983 

• Paver  Information  Package,  1984 
National  Association  of  Countv  Engineers 

NACE  materials  can  be  obtained  by  contacting: 

Executive  Secretary,  NACE 
Milton  L. Johnson,  P.E. 

Wapello  County  Engineer 
326  Pike  Road 
Ottumwa, Iowa  52501 

• Blading  Aggregate  Surfaces,  NACE  Training  Guide  Series,  May  1986 

• NACE  Action  Guide  Series,  May  1986.  21  Volumes  on  a variety  of 

subjects,  to  Include: 

- Advance  Road  Programs 

- Planning  County  Roads 

- Maintenance  Management 

- Road  Surface  Management 
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others 


• Maintaining  Granular  Surfaced  Roads,  Iowa  Highway  Research  Board, 
‘ Project  HR-223,  "981 

• Maintenance  Practices  for  Local  Roads,  Pennsylvania  Department  of 
Transportation  .Project  82-19,  1984,  four  manuals: 

- Maintenance  Techniques 

- Personnel  Supervision 

- Program  Administration 

- An  Overview  for  Elected  Officials 
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TECHNOLOGY  TRANSFER  PROGRAM  FOR  LXAL  TRANSPORTATION  AGENCIES 
UNIVERSITY  CONTACTS 
(April  86) 

NAME 

AGENCY 

Dr.  Christian  P.  Davis 

Director 

(203)  M86-2188 

Transportation  Institute,  U-139-TI 
191  Auditorium  Road 
University  of  Connecticut- 
Storrs,  Connecticut  06268 

Dr.  Charles  Goodspeed 
Associate  Professor 
(603)  862-1428 

Department  of  Civil  Engineering 
University  of  New  Hampshire 
Durham,  New  Hampshire  03824 

Dr.  Lynne  Irvfln 
Director 
(607)  256-8033 

Cornell  Local  Roads  Program 
Riley  Robb  Hall 
Cornell  University 
Ithaca,  New  York  14853 

Mr.  Henry  Lambert 
Director 

(802)  655-2000,  Ext.  2652 

Transportation  Information  Exchange 
St.  Michael's  College 
Post  Office  Box  224 
Winooski,  Vermont  05404 

Dr.  Benjamin  Coluccl 
Director 

(809)  834-4040,  Ext.  3388 

Department  of  Civil  Engineering 

Mayaguez  Campus 

Mayaguez,  Puerto  Filco  00758 

Dr.  Everett  C.  Carter 
Co-Director 
(301)  454-3103 
and 

Dr.  Hau?old  Rib 
Co-Director 
(301)  454-4932 

Technology  Transfer  Center 
Department  of  Civil  Engineering 
tkilverslty  of  Maryland 
College  Park,  Maryland  20742 

Dr.  H.  Leroy  Marlow 
Director 
Engineering 
(814)  865-0427 

Pennsylvania  Technical  Assistance  Program 
The  Pennsylvania  State  University 
501  Keller  Building 
University  Park,  Pennsylvania  l6802 

Mr.  Kenneth  L.  Heilman,  P.E. 
RTAP  EYiglneer 
(717)  948-6131 

Rural  Technical  Assistance  Program 
The  Pennsylvania  State  University 
Olmstead  Building  - Room  W 251 
Middletown,  Pennsylvania  17057 

Ms.  Judy  H.  Gutshall 
(717)  787-6527 

The  Pennsylvania  State  University 
Technology  Reference  Center 
903  T and  S Building 
Harrisburg,  Pennsylvania  17120 

Dr.  Edward  S.  Neumcinn 

Director 

(304)  293-4550 

Transportation  Center 
P.O.  Box  6105 
Morgantown,  West  Virginia 

73 


Mr.  Mehmet  C.  Anday 

Virginia  Highway  and  Research  Council 

Senior  Research  Scientist 

P.O  Box  3617 

(804)  293-1965 

University  Station 
Charlottesville,  Virginia  22903 

Mr.  J.  Fred  O'Brien,  Jr. 

Engineering  Elxtenslon  Service 

Director 

School  of  Engineering 

(205)  826-4370 

Auburn  University 
Auburn,  Alabama  36849 

Ms.  Debbie  Reaves 

Technology  Transfer  Center 

Director 

University  of  Florida 

(904)  392-6656 

346  Well  Hall 

or 

Dr.  Josef*i  A.  Wattleworth 
Professor  (Sabbatical) 
(904)  392-0101 

Galnsvllle,  Florida  32611 

Mr.  John  Moskaluk 

Civil  Engineering  Department 

Senior  Research  Qiglneer 

School  of  Engineering 

(404)  894-2360 

Georgia  Institute  of  Technology 
Atlanta,  Georgia  30332 

Mr.  Calvin  G.  Grayson 

Kentucky  Transportatlcai  Center 

Director 

University  of  Kentucky 

(606)  257-1188 

533  South  Limestone 

Lexington,  Kentucky  40508-0043 

Dr.  James  Curtis  Shilth 

Jackson  State  University 

Director 

P.O.  Box  18125 

(601)  968-7072  or 

Jackson,  ^tlssisslppl  39217 

Dr.  Frederick  J.  Wegmann 

Tennessee  Transportation  Assistance 

Professor 

Program 

(615)  974-3095 

South  Stadium  Hall 
University  of  Tennessee 

or 

Mr.  Steve  Richards 
Program  Manager 
(615)  974-5255 
and 

Knoxville,  Tennessee  37996 

I4r.  Dwayne  Slnmons 

Knoxville  College 

Director 

Recruitment  and  Admission 

(615)  524-6514 

Knoxville,  Tennessee  37921 

Dr.  Donald  B.  Stafford 

Clemson  University 

Associate  Professor 

Department  of  Civil  Engineering 

(803)  656-3327 
and 

Dr.  James  E.  Clairk 
Professor  of  Civil  Eliglneering 
(803)  656-3000 

Clemson,  South  Carolina  29634 

Dr.  Edwin  W.  Hauser 

University  of  North  Carolina 

Director 

Institute  for  Transportation 

(919)  549-0541 

Research  and  Education 
Research  Triangle  Park, 
North  Carolina  27709 
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Dr.  Charles  F.  Scholer 

School  of  Civil  Biglneerlng 

Associate  Professor  of 

Purdue  University 

Civil  Engineering 

West  Lafayette,  Indiana  47907 

(317)  W-5017 

Dr.  Robert  L.  Slerakowskl 

Department  of  Civil  Ehglneerlng 

Chairman  and  Professor 

Chio  State  University 

(6li0  422-2771 

2070  Nell  Avenue 

and 

Columbus,  Chlo  43210 

Mr.  Shelbert  Snlth 

Department  of  Chemistry 

(513)  376-6424 

Central  State  University 
1400  P^ush  Row  Road 
Wllberforce,  Chlo  45384 

Mr.  Donald  M.  Walker 

Transportation  Information  Center 

Program  Director 

University  of  Wisconsin — Madison 

(608)  262-7988 

432  North  Lake  Street 

and 

Madison,  Wisconsin  53706 

Mr.  David  J.  Cyra 

Office  of  Statewide  Training  Programs 

Director 

University  of  Wlsconsln-Mllwaukee 

(414)  963-4427 

3270  North  Marietta  Avenue 
Milwaukee,  Wisconsin  53211 

Dr.  IhoineLS  Knight 

Department  of  Social 

Chairman 

and  Behavioral  Sciences 

(501)  541-6786 

University  of  Arkansas 
Pine  Bluff,  Arkansas  71601 

and 

Dr.  James  Yoxong 

Civil  Ehgineerlng  Department 

Chairman 

University  of  Arkansas 

(501)  575-4954 

Pbiyettevllle,  Arkansas  72701 

Dr.  James  Shamblln 

Center  for  Local  Goverment  Technology 

Director 

Oklahoma  State  University 

(405)  624-6049 

Stillwater,  Oklahoma  74078 

Mr.  Kevin  D1  Palma 

New  Mexico  State  Highway  Department 

Personnel  Bureau  Chief 

State  Highway  Department  Building 

(505)  471-4880 

1120  Cerrlllos  Road 
Santa  Pe,  New  Mexico  87503 

Mr.  A.  Nelson  Evans 

Public  Works  Training  Division 

Division  Head 

Texas  Ehgineerlng  Extension  Services 

(409)  845-2911 

Texas  A&M  University 

College  Station,  Texas  77843-8000 

Mr.  Wayne  P.  Echelberger,  Jr. 

Depeirtanent  of  Civil  Engineering 

Chairman 

University  of  Texas  at  El  Paso 

(915)  747-5464 

El  Paso,  Texas  79968-0156 

Mr.  Ara  Arman 

Louisiana  Transportation  Research 

Director 

Center 

(504)  342-7521 

P.O.  Box  94245 
Capitol  Station 

Baton  Rouge,  Louisiana  70804-9245 
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Dr.  Stanley  L.  Ring 
Program  Director 

(515)  294-6777 

Iowa  Technology  Transfer 

384  Town  Engineering 
Iowa  State  University 
Ames,  Iowa  50011 

Dr.  Joe  Lee 
Director 
(913)  864-3787 

Transportation  Center 
2011  Learned  Hall 
Ihe  University  of  Kansas 
Lawrence,  Kansas  66045 

Dr.  Charles  E.  Dare 

Director 

(314)  341-4553 

Transportation  Institute 
Civil  Engineering  Department 
University  of  Missouri  - Rolla 
Rolla,  Missouri  65401 

Mr.  C.  W.  Bowmaster 
Assistant  Director 
(402)  472-2844 

University  of  Nebraska,  Lincoln 
Department  of  Conferences  and 
Institutes 
205  Nebraska  Center 
Lincoln,  Nebraska  68583-0929 

Mr.  A1  Jackson 
Lecturer 

(406)  994-6103 

Department  of  Civil  Engineering 
Montana  State  University 
Bozeman,  Itontana  59717 

Dr.  Donald  A.  Andersen 

Director 

(701)  237-7246 

Technology  Transfer  Center 
Civil  Engineering  Department 
North  Dakota  State  University 
Fargo,  North  Dakota  58105 

Dr.  Eugene  M.  Wilson 

Director 

(307)  766-3202 

University  of  Vtyomlng 
Department  of  Civil  Engineering 
University  Station  Box  3295 
Laramie,  Vfyonlng  82071 

Dr.  Mathew  Betz 
Director 

(602)  965-2001 

Center  for  Advanced  Research  In 
Transportation 
Arizona  State  University 
Terape,  Arizona  85287 

Mr.  Mark  Kermlt 
Director 
(415)  642-7350 

Institute  of  Transportation  Studies 
Extension  Programs 
University  of  California 
102  Naval  Architecture  Building 
Berkeley,  California  94720 

Mr.  Richard  Rumbolz 
Coordinator 
(503)  378-3421 
and 

Mr.  R.  C.  Blensly 
Co-Dl rector 
(503)  378-3421 

Oregon  Technology  Transfer  Center 
State  Highway  Division 
1174  Cheraeketa  Street,  NE. 

Salem,  Oregon  97310 

Dr.  Robert  Layton 
Co-Dlrector 
(503)  754-4273 

Transportation  Research  Institute 
Oregon  State  University  ‘ 
Corvallis,  Oregon  97331 
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Mr.  Bill  Hordon  Northwest  Technology  Transfer 
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NOTICE 

This  document  is  disseminated  under  the  sponsorship  of  the 
Department  of  Transportation  in  the  interest  of  information 
exchange.  The  United  States  Government  assumes  no  liability 
for  its  contents  or  use  thereof. 


This  report  is  being  distributed  through  the  U.S.  Department 
of  Transportation’s  Technology  Sharing  Program. 
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